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. I. INTRODUCTION 
The synthes~s of 1, 7, 8, 9-tetramethylphenanthrene (I) is of 
considerable intere!lt for the location of the carbonyl group of the 
;;,Ikaloid cassaine (II)( 1). 
Cassaine (II) was first obtained crystalline in 1935, by Dalma 
{2) from extracts of the bark of Erythrophleum guineense, G. Don, 
a handsome tree indigenous to Africa. Cassaine is an alkamine 
I 
Ill 
v 
CH CO:~.H 
CH~·. 
. cH,.CO:z.H 
CH3 
lli' ·~ CH· COOC.Hz.CH 2 N (cH3)1. 
CH3 · 
•o 
HO 
ester of cassaic acid c 20H3oo-'1 (III), which is an ~j3 -unsaturated, 
hydrox:yketomo;:10carbox:ylic acid. On hydrolysis with dilute acids 
1 
cassaine produces cassaic acid {III} and dimethylarninoethanol, 
1 HOCH2 CH2N(CH3l2 (3). Cassaine can be reconstituted by treating 
I 
; sodium salt of cassaic acid with chloroethyidimethylamine, 
i 
i ClCHz CHzN(CH3 )z (3). This fact is important, because it proves that 
:during acid hydrolysis of cassaine .no chang!' of the perhydrophenan-
'threne nucleus has taken place. Therefore, any evidence about the 
:structure of the carbon skeleton of cassai<: acid can be applied to the 
:structure of cassaine. In 1941, Ruzicka, Dalma and Scott (4) reduced 
'the double bond and removed the hydrox:yl and the ketonic carbonyl 
i 
I . - , . - . , ' 
!groups of cassaic acid to obtain cassanic acid, which on dehydrogenation 
' . . 
.igave 1, 7, 8-trimethylphenanthrene (IV; R =CH3). In 1945, in an attempt 
:to locate the carbox:yl group of cassanic acid, methyl cassanate was 
treated with methylmagnesium iodide and the. product was aromatized 
I 
,to a Czo Hz2 alkylphemanthrene (5}. In 1955, in accordance with the 
' 
suggestion (6) that the carbox:yl group of cassanic acid is not directly 
:attached to a ring, Humber and Taylor (7) identified the C zoHzz hydro-
' 
:carb':'n as 7-,isobutyl-1, 8~dimethylphenanthrene (IV; R = -CHz.CH,(CH3}z} • 
. ;,As a re!3Ult of this and earlier evide11ce, it was suggested that i:assanic 
acid is .a perhydrophenanthrylacetic acid (V}. In 1958, King, King 
;and Uprichard (8) confinned the suggested formulation (V) and established 
the trans fusion o£ the rings A \'lnd C by a partial synthesis of cassanic 
:acid {V) from vouacapenic acid (VI), whose structure had been 
previously (9, 10) established. 
· From a st"!dy of th~ uitraviolet absorption spectra of cassaic acid 
2 
and its derivatives, Humber and Taylor (7) concluded that the secondary 
. hydroxyl and the ketonic carbonyl group of cas saic acid (and therefore of 
: cassaine) are located in different ringscithe perhydrophenanthrene 
nucleus. Ring B was also excluded as a site for any of these oxygen 
·functions. On biogenetic reasons, these authors favored the hydroxyl 
, group on carbon atom 2 and assigned position 9 to the ketone group. In 
the same publication, Humber and'Th.ylor (7}, suggested (III} as a 
possible formulation for cassaic acid. The possibility that cassaic acid 
; has the carbon skeleton shown in (III} had been indicated earlier by 
.Tondeur (11). In accordance with the above suggested formulation for 
cassaic acid (III), cassaine should have the formulation (II). 
In the above suggested formulations for cassaine (II) and cassaic 
acid (III), the positions of the hydroxyl and the ketonic carbonyl functions 
~ 
are speculative and provisional. No chemical evidence for the location 
;of the carbonyl and hydroxyl functions was available. .Accordingly, until 
adequate data were forthcoming, formulations (II} and (III) for cassaine 
and cassaic acid, respectively, remained only as reasonable but unproved 
possibilities. 
In this laboratory, this problem of locating the hydroxyl and the 
·carbonyl functions of cassaine (as well as those of cassaic acid) was 
approached by accepting for=lations (II) and (III) as correct. In order 
'to locate the carbonyl group, it was proposed to mark its position in the 
'perhydrophenanthrene nucleus by a methyl group. In principle, this can 
be accomplished by treating cassaic acid (III) or an appropriate derivative, 
with methylmagnesium iodide or with methyllithium to give a carbinol, 
which on dehydration followed by aromatization of the perhydrophenanthrene 
3 
ring by well-established procedures <should furnish a tetramethyl-
1 phenanthrene. If the ketonic function in cassaic acid were in position 9, 
1 
:as indicated in (ill). the aromatization produc::t should be 1, (' 8, 9-tetra-
1 
: methylphenanthrene (I). The utility of this <method of locating a 
' < 
; functional group by marking its position with an alkyl group followed by 
: aromatization of the fused carbocyclic ring system to an aromatic 
<hydrocarbon, is recognized in the field o£ steroids and polyterpenoids. 
'In fact, progress in the chemistry <of the <above group of organic natural 
products depended on basic experiments involving dehydrogenation to 
aromatic compounds whose structures were rigidly proved by synthesis. 
The above -mentioned approach to the problem of locating the 
ketonic carbonyl group of cassaine (II) [and therefore of cassaic acid (ill)] 
:requires an authentic sample of 1, Y, 8 1 9 -tetramethylphenanthrene (I) 
' < 
;whose structure has been proved bya rational synthesis. A thorough 
'search of the literature on the relevant subjects, revealed that " '.:'<~ 
'1, 7, 8, 9-tetramethylphenanthrene was unknown. Consequently, the 
:synthesis of 1, Y, 8, 9-tetramethylphenanthrene (I) by an unequivocal route 
I 
':presented a major problem. This pr<oblem had to be solved before the 
,other problem of locating the carbonyl function in cassaine (II) or 
'cassaic acid (III) could be <settled by the proposed approach. 
The purpose of this research was to synthesize <1 1 7, 8, 9-tetra-
'<methylphenanthrene (I). This goal has been realized. The synthesis of 
jl, t, 8, 9-tetramethylphenanthrene has been accomplished by an unam-
' 
' < < 
biguous route in <a rational manner. This authentic sample of synthetic 
11, 7, 8, 9-tetramethylphenanthrene (I) was made avidlable to a collaborator 
'(12) who was responsible for the degradation of<cassaic acid to an 
I 
1 
<' 
' 
4 
aromatic hydrocarbon. Another sample of the synthetic material was 
sent to M *A ;Matht.,on{l3) of the University,of London. The aromatic 
hydrocarbon derived from cassaic acid (ill) by these investigators (12, 13) 
has been found to be identical with the synthetic 1, 7, 8, 9 -tetramethyl-
phenanthrene (I); Therefore, the prese~t synthetic work has made 
i 
. I 
i possible a demonstration that the carbonyl group of cassaine (II) and of 
cassaic acid (ill) is located at· position 9 of the perhydrophenanth:rene 
ring system as suggested earlier, but not proved;, by Humber and 
'Taylo:r (7) and by Tondeur (11). 
The central theme of this thesis is the synthesis o£1, 7, 8, 9-tetra-
i methylphenanthrene (I). In the following pages, the background pertinent 
',to this subject precedes a general discussion and a detailed description of 
I 
'various aspects and stages of the synthesis.· 
5 
~---· 
' 
II. BACKGROUND 
, A. Note on Nomenclature. 
i 
':In this dissertation, the IUC1 rules as well as the IUPAC 2 tentative 
I 
I 
rules for the nomenclature of organic compounds have been followed. 
Numerical prefixes have been used to indica~:e the positions o£ 
substituents on cyclic nuclei as well as on straight or branched chains. 
The system of numbering the positions of substituents on the 
I ring fOllOWS the IUC ruleS except for 1, 2, 8.~trimethylphen:anthrene 
(IV; R ::- CH3 ) which, following the current practice, has been named 
i l, 7, 8-trimethylphenanthrene to emphasize on the origin of the 7-methyl 
' 
; group from the groupings present at the (-position of some diterpenoids. 
IV 
In a few cases where the IUC rules are not explicitly 1aid doWh/the 
IUJ?.AC tentative rules have been followed with a few exceptions, 
l 
Definitive Report of the Commission on the Reform of the Nomenclature· 
of Organic Chemistry adopted by the International Union of Chemistry, 
Liege, 1930. Amplifications and Comments in 1936 and 1938. 
2 
International Union of Pure and .Applied Chemistry; Commission's' c: 
Report on the Nomencla,tuJ:'e of Orga,nic Chemistry, Zurich, 1955, 
entitled "Tentative RUJ,es for Organic Nomenclature". 
6 
In all cases in which a·cyc;Lic nucleus can be numbered necessarily 
in two ways, that numbering is chosenthat assigns smaller rather than 
larger numbers. to the position carrying a functional side chain. It 
. . . 
' . . ' 
' . . 
!is· convenient to follow this pr:<ictice even with substituted tetralins, 
! 
,where there is disagreement with an IUFAG tentative rule stating: 
°For radicals derived from polycyclic hydrocarbons,· the numbering of 
ithe hydrocarbon is retained. The point or points of attachment are given 
inumbers as low as is consistent with the fixed numbering of the hydro-· 
:carbon11 •. 
I 
The system of numbering used for the tricyclic diterpenoids 
:(which possess the reduced phenanthrene skeleton) follows the current 
I 
practice, which uses the phenanthrene numberings as shown below. 
VII 
iJ:he current practice for indicating the orientation of substituents 
~rejecting above and below the plane oi the ring system W: the diterpenoids 
i ,, 
I . . 
by a heavy full line and a dotted line respectively, as shown in the above 
formulation, has been followed. 
The lettering. of the rings of either phenantllrene or the reduced. 
phenanthrenes is as shown in the above formulations (IV and VII). This 
I 
ts according to current practice. W. Klyne (14) reverses the lettering 
of the B and G rings. 
7 
In this dissertation, the structural formulas do not imply any 
spatial configuration, uuless stated otherwise, No stereochemistry is 
indicated by light continuous lines. 
The carbon and the hydrogen atoms in cyclic nuclei have not been 
.I 
showl\., The linkages between carbon and hydrogen in cyclic nuclei have 
;not been shown, except when definite stereochemistry is explicitly 
stated. 
8 
:B. Structures of Cassaine and Ca.ssaic .Acid. 
It has been mentioned before that the alkaloid cas saine was 
;isolated from Erythrophleum guineense, G. Don by Dalma (2). 
:Cassaine, C24H3904N crystallizes in glistening flakes from ether and 
'melts at 142.5°. It is optically active, o(.]r? -103°(ethanol). It is a 
'tertiary base. The bisulfate, c 24H:'l 9o4 N.H2 S04.::H2 0 melts at 2900 and 
.the hydrochloride, C24,H39 o 4 N.HCl.H2 o melts at .. 212-21~ (15). 
Cassaine forms monoacetylcassaine, c26H41o 5 N, m.p. 123-124° 
which is basic .. Therefore, the presence of a hydroxyl group is 
;established. Ca~ saine also forms a·monoxime, G24 H40o4:r;z , m. p. 
'123-125" which proves the presence of a carbonyl group. Dalma (15) was 
/lble to demonstrate that the two remaining oxygen atoms of cassaine are 
present in an ester linkage which could be cleaved by acids to form 
I • • 
1
cassaic acid and a base of low molecular weight. This cleavage proceeds 
according to the equation, 
C24H3904N 
Cassaine 
+ H 20 C20H3oC4' + C4HuON 
Cas s'aic .Acid 
Gassaic acid, c 2oH30 q,, melts at 203' and like cassaine, is strongly 
. 20 
tevorotatory, oC] D -126. 3° (95o/o ethanol). J'altis and Holzinger (3) 
9 
identified the basic fragment as 2-dimethylarninoethanol, HOCH2CH2 N(C~ )2 . 
lrhese authors were also able to demons'trate that cassaine cah be 
1 
reconstituted by treating sodium salt of cassaic acid with chloroethyl-
aimethylamine, ·. C1CH2 CH2N(CH :lJz. This is a significant observation, 
·because it proves that during acidic hydrolysis of the ester linkage of 
bass aine, no structural or stereochemical change of ij;s non-nitrogeneous 
I 
part has occurred, Consequently, any vidence regarding the structure 
of cassaic acid can.be applied to cassa' 
Faltis and Holzinger (3) were able to demonstrate the presence of 
one double bond in cassaine by its read reduction to dihydrocassaine, 
. . 0 20 0 . C24~1 04N, m.p • .115-116 . 0<:] D (ethanol). The same dihydro-
readily reducible double bond in .cassaic acid could be similarly 
demonstrated by catalytic hydrogenation of cassaic acid to dihydrocassaic 
,acid, C20H3204, ~.p. _229~235° which as identical with the same 
dihydrocassaic acid prepared by the sap nification of dihydrocassaine. 
Ruzicka and Dalma {lf>) recorded the ne r ultraviolet spectra of 
icassaine, cassaic acid and some of thei derivatives, Cassaine has a 
strong absorption maximum at 223 milli 'cron (logS 4. 3). Cassaic 
acid, likewise, has a strong absorption aximum at 215 millimicron 
;(log 6 4. 3). From this spectroscopic vidence, these authors cor-
rectly concluded that the double bond, a ready shown to be present by 
hydrogenation experiments, is conju.gat d to the ester group of cassaine 
and not to the carbonyl group, because t lere was no absorption maximum 
I 
between 240-260 millimicrons. Likewise, the double bond· of cassaic 
acid is conjugated to the carboxyl group. 
In contrast to the acidic hydrolysi of cassaine, alkaline hydrolysis 
bf this alkaloid gives the isomeric alloc ssaic acid, C2oB3o04, m.p. 
' ! . 0 
252-253 ' J ~0 OG. D 58 ° {methanol) (17) in which the double bond is 
tteither conjugated to the carboxyl group nor to the carbonyl group, 
~ecause of the absence of absorption in t e near ultraviolet between 
220-260 millimicrons. .According tb En el (17), the isomerization of 
10 
I 
cassaic to allocas.saic acid is an equilibrium reaction, which is realized 
only under harshly alkaline conditions •. 
Cassaic acid forms a methyl ester, c21 H3204 , m.p. 189-190.-
0
, 
which forms an acetyl derivative, C 23H 3p5, m. p. 189-1910 which in • 
11 
its turn forms a semicarbazone, c 24H 37o 5 N3 , m.p. 246-247°. Dalma (15) 
,established that the hydroxyl group of cassaic acid is secondary, because 
controlled oxidation of the acid with chromium trioxide gives dehydro-
cassaic acid, c 2oH28o4 , m.p. 238-23~, oC]~O -164.5° (95o/o ethanol). 
whicb. did not give any test for an.alclehyde group.· Consequently, the 
original carbonyl group of cassaic acid and the newly formed carbonyl 
group in dehydrocassaic acid are both ketonic. This dehydrocassaic 
·acid (diketocassenic acid) forms a methyl ester, C21 H3004, m. p. 
•129-130° which gives a dioxime, c21 H 32o 4 N 2, m.p. 130-132° and a 
;disemicarbazone, C23 H36 04N6, m. p. 29()0, From this evidence, the 
formula of cas saic acid may be expanded to 
F CH.COOH 
·.: 0 
-OH 
Cassaic llc;id 
Ruzicka and Dalma (16) proposed that tb.e completely saturated acid 
free from oxygen-containing substituemts be named cassanic acid. 
'Consequently, according to this system of nomenclature, cassaic acid 
•would be called hydroxyketocassenic acid. Similarly, dehydrocassaic 
acid would be named diketocassenic acid and dihydrocassaic acid would 
be hydroxyketocassanic acid. In the following pages, this nomenclature 
'has been used to name derivatives of cassaic acid. 
. . 
Carbo;,_ Skeleton of Cass~ine .and Cassaic Acid. 
After establishing the natu~e of the f1.1n.ctional groups of cassaine' 
1 and cassaic acid, Ruzicka and D,alma .(16) turned their attention towards 
i ' •• - • 
~the carbon skeleton contained in these compounds. .An important reaction 
I 
bearing on the carbon .f'r~mework of the steroids and polyterpenoids is 
. ' 
: aromatization with selenium. Ruzicka and Dalma .( 16) reduced the 
ketonic group of hydroxyketocas sanic acid (VIII) to dihydroxycas sanic 
!acid, C2o:H3404, m.p. 262-265°, (IX}(methyl ester, C21H3604, m.p. 
I • 
' . 
: 172-174 ) which on treatment with selenium at 3400 gave a trimethyl-
phenanthrene C 1 7H 16>. m. p. 142-143°, which is identical with 1, 7, 8 -tri-
methylphenanthrene (IV; R = CH3 ). Chart 1 summarizes the sequence of 
steps in the above -mentioned transformations. 
,Chart 1. Degradationof.Cassaic Acid to 1, 7, 8-Trimethylphenanthr~ne. 
J F C.H.COOH c 181::£7 = 0 ·. - OH 
Cassaic Acid 
IX 
> 
VIII 
CH3 
IV (R • CH3}. 
The formation of 1, 7, 8-trimethylphenimthrene (IV; :R = C~) accounts 
,for seventeen of the twenj;y carbon atoms of dihydroxycassanic acid. Of 
:the th:r:ee lost, one is evidently that of the ca:r;boxyl g:r:oup. The othe:r: 
. I . 
I 
ltwo we:r:e assumed to be qu!'ternary methyl groups which were lost as 
I 
! 
I 
iuethane during aromatization. 1, 7, 8 -Trimethylphenanthrene (IV; R = 
I • 
CH3) .has been previously prepared by R\izicka, Engel and Fischer (18) 
by the dehydrogenation of some derivatives of diterpenes, such as, 
' 
dihydrocyclosclaren (X) and manoyl. oxide (19}(XI) with selenium. The 
XI 
structures of these diterpene derivatives had .been previously {19) 
I 
' 
es.tablished. These authors (16), therefore, conciuded that cassaic acid 
~elongs to the group of tricyclic diterpenes which contain a reduced 
phenanthrene nucleus •. From the positions of the methyl .substituents in 
1, 7, 8-trimethylphenanthrene (IV; R = -CH3 ); it appe·ared likely that 
I 
cassaic acid contains three methyl groups, either actual or potential, 
' 1n corresponding positions of the reducedphenanthrene nucleus. The 
possibility that cassaic acid belongs to the group of tricyclic diterpenes 
' . . 
I . . . 
!).as been indicated earlier by Faltis and Holzinger (3). 
Ruzicka and his .cowqrkers were not considering any P'lrticUlar 
:(ormUlation for cassaic. acid at this time.. However, Blount; Openshaw 
. I . . • 
I , 
<j.nd Todd (20) published a paper on th.e cheo:dstry of erythrophleine, 
'! 
<>.n amorphous alkaloid isolated from Er·ythrophleum guineense which 
+ also the source. of cassaine. These. authors suggested a formUlation 
±'or erythrophleic acid, (Xlla or Xllb) (the counterpart of cassaic acid) 
I 
irom erythrophleme (Xllla or. XIIIb). This led Ruzicka, Dalm;a and Scott(4) 
I 
. ' 
13 
IV (R • CH3) 
- OCI~~ 
=0 
X lib 
COOCH1-CHl..NHCH3. 
XIIIb 
CH3 
CH~ 
]
-OCH3 
=0 
13a 
· XIIa 
XIIIa. 
XIV 
'. 
,,, .. 
I to consider certain formulations for cassaic acid as well as some 
' structural problems. In the next paragraph, a brief discussion of the 
chemistry of erythrophleine, so far as it is related to the development 
I • 
,o;t the structure of cassaic acid, is given. 
Blount, Openshaw and Todd (20) obtained from E. Mercli &: Co., 
Darmstadt, an amorphous erythrophleine sulfate whose source was 
believed to be Erythrophleum guineense. The amorphous base 
erythrophleine isolated from the above mentioned sulfate has the 
molecular formula, Cz4H3905 N. Like cassaine, erythrophleine (Xlla or 
! 
XIIIb) could be hydrolyzed by dilute acids to erythrophleic acid, 
1 
C21 H.32 0s· and 2-methylaminoethanol, HOCH2CH2NHCH3. Erythrophleic 
acid {XIIa or XIIb), like cassaic acid, is an ol,f -unsaturated mono-
carboxylic acid (wavelength maximum 221 millimicron; log e 4. 2). 
The remaining three oxygen atoms of erythrophleic acid are accounted 
for by the presence of one ketonic group as well as one hydroxyl and 
one methoxyl group. Erythrophleic acid on aromatization with selenium 
gives 1, 7, 8-trimethylphenanthrene (IV; R = CH3 ). From this evidence, 
Blount, Openshaw and Todd (20) concluded that erythrophleic acid is a 
diterpene derivative. By analogy with isoagathenedicarboxylic acid (XIVl• 
whose structure had been previously {19) established, Blount, Openshaw 
and Todd (20) assigned position 7 to the carboxyl group of erythrophleic 
acid and the double bond already known to be conjugated to the carboxyl 
group would then be placed in ring B of the reduced phenanthrene 
nucleus. In their proposed structure of erythrophleic acid (XIIa or XIIb), 
these authors retained some of the structural features of isoagathene-
dicarboxylic acid (XIV). such as the angular methyl groups at posi.tions 
14 
XV 
xvn 
XIX 
XVI 
xvru 
CH.3 
XX 
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12 and 14, and replaced the carboxyl group at position 1 by a methyl. 
i 
! group. In order to explain the formation ?f 1, 7, 8 -trimethylphenanthrene 
'(IV; R _,: CH3 ), from erythrophleic acid, these authors (20) assigned the 
1 
hydroxyl group to positi;n 2 and postulated a retropinacolWc rearrange-
' . 
:ment involving the foss of the hydroxyl group and ;migration of one of the 
ig~-dimethyl groups .from position 1 to 2 during aromatization. This 
type of retropinacolinic rearr~rigement had been postulated e:arlier by 
:Ruzicka, Go1dl;lerg and Hofmann (21) to explain the formation of 
:1, 2, 3, 4-tetramethylbenzene (XV) and 1, 2, 5, 6-tetramethylnaphthalene. 
1
(XVI) in addition to other products from rings 1\ and B of the pertta-
:cyclic triterpenes, J3 -amyrin (XVII; R =· CH3 ) and oleanolic acid (XVII; 
I . . 
· ',R = COOH) during aromatization with selenium. The postulated 
I 
;retropinacolinic rearrangement received support from the additional 
;observation of Ruzicka, Schell~.nberg and Goldberg (22~ that p -amyren 
.{XVIII) having no hydr.oxyl group at 3 gave no prqduct of retropinacolinic 
1 rearr~ngement whereas '· ) '•J -amyrane (XIX) formed products of 
'tearrangement such as the trimethylpicene '{XX). Since the properties 
I • , • 
:of cassaic ·acid resemble those of erythrophleic. acid, Blount, Openshaw 
I • • • 
'and Todd (20} remarked that erythrophle1c acid.may very probably be a 
;methoxylcassaic acid. According to this suggestion, cassaic acid should 
i 
1
have the formulation (XXIa or XXIb). · It must be mentioned that the 
I 
:structures (XXIa and XXIb} obey.the isc;p:rene rule (23). 
I 
.I 
16 
co,. A 
XXI a 
XXII 
=0 
., 
XXIb 
CH3 
XXIII 
-0 
In an attempt to show whether a retropinacolinic rearrange-
mentis involved in the aromatization of dihydroxycassanic acid, 
Ruzicka, Dalma and Scott (4) prepared cassanic acid, C20H3402, m.p. 
224°, ~) ~0 3°(chloroform} by Wolff-Kishner reduction of diketo-
oC J ~0 -44° (e1;hanol) which 
was prepared from hydroxyketocassanic acid. On aromatization with 
·selenium, c~ssanic .acid, which contained no hydroxyl or carbonyl group 
produced 1, 7, 8 -trimethylphenanthrene (IV; R = CR:3}. If the formulation 
(XXIp. or XXIb} for cassaic. acid, suggested by Blount, Openshaw and 
Todd (20} were correct, the product of aromatization of cassanic acid 
(XX]J:} ought to be 1, 8-dimethylphenanthrene (XXIII}, since no 
retropinacolinic rearrangement is conceivable in this case because of 
17 
-; 
I 
the absence of hydroxyl at position 2. Consequently, the suggested· 
formulation (XXIa or XXIb} for cassaic acid is incorrect. Moreover, 
since. no reb:opinacolinic rearrang·e11J,ent appears to be involved in the 
aro:matization of dihydr·oxycassanic acid, it seems likely that dihydroxy-
' 
cassanic acid (and therefore cassaic acid) contains three methyl groups, 
actual or. potential, in positions .1, 7 and 8 of the reduced phenanthrene 
nucleus. Ruzicka, Engel, Ronco and Berse (5} then assumed formula-
tion [XXIV) as aposs~ble structure for cassanic acid, This formulation 
(XXIV) for cassanic acid obeys the isoprene rule (23}. As is evident, 
the position of the carl;>oxyl gr'oup in this formulation {XXIV) is 
provisional. 
Attempted Location of the Carboxyl Group of Cassanic Acid. 
In an attempt to establish the position of the carboxyl group in 
cassanic acid, Ruzicka, Engel, Ronco and Berse (5) tr·eated methyl 
cassanate, c 21H360 2 (XXV) with excess of methylmagnesium bromide 
to obtain a dimethylcarbinol, c22 H4oO, (XXVI) which was dehydrated 
with anhydrous formic acid to the unsaturated hydrocarbon, C22H.38 
(XXVII). Aromatization of this C22 H33 hydrocarbon with selenium 
produced an alkylphenanthrene, Czo H22. If the formulation (XXIV) 
for cassanic acid were correct, then the aboye sequence of steps 
summarized in Chart 2 should furnish 1, 2, 8-trimethyl-7-isopropyl-
phenanthrene {XXVIII). A direct comparison of this Czo H22 alkyl-
18 
· i phenanthrene with an authentic sample of 1, 2, ·a-trimethyl-7-isopropyl-
phenanthrene {XXVIII) synthesized by Ruzicka, Engel, Ronco and Berse (5} 
o(l;hart 2, Degradation of Cassanic Acid. 
C02.H C02.CH3 
CH3 
''> 
H3c H3C 
CH3 CH3 
XXIV XXV 
C\-13 
,...cH3 / 'cH · e- . 3 C.._ CH3 
'OI-l 
Ct-13 CH3 
CH3 >· CHi, > 
H~C 113 c 
CH3 CH3 
·xxvr XXVII 
XXVIII 
,according to the 'sequence of steps summarized in Chart 3, showed 
that the synthetic hydrocarbon and the hydrocarbon CzoHzz derived 
i 
> 
from cas·sanic acid were different. Consequently, the suggested formula-
ition (XXIV) for cassanic acid is incorrect, 
19 
Synthesis of 1, 2, 8-Trimethyl-7-isopropylphenanthrene (XXVIII}. 
I 
1-amino-2, 3~dimethylbenzene (XXX} prepared from the correspond-
1ng nitro-derivative (XXIX) was converted to 1-bromo-2, 3-dimethyl-
,benzene (XXXI) by a modified Sandmeyer reaction (24;)(25}. The 
Grignard reagent derived from this bromoderivative (XXXI) reacted 
with ethylene oxide to give. 2-(2 1 , 3'-dimethylphenyl)-ethyl alcohol 
(XXXII). The corresponding bromide (XXXIII)(26) obtained by the action 
,of 33o/o hydrobromic aCid on(XXXII} was condensed with sodiomalonic 
ester and the product on saponification followed by decarboxylation 
- ' 
gave_ 4-(2 1 , 3 1 -dimethylphenyl)-butanoic acid (XXXIV). The acid chloride 
·derived from (XXXIV) was then cyclized to 5, 6-dimethyl-1-tetralone 
',(XXXV). A Reformatsky reaction Of (XXXV} with ethyl bromoacetate 
•furnished the unsaturated ester (XXXVI) which was reduced to 2-(5', 6'-
·dimethyl-1 1 , 2 1 , 3', 4 1 -tetrahydro-1'-naphthyl)-ethyl alcohol (XXXVII). 
The derived bromide (XXXVIII) was condensed with sodioisopropyl-
malonic ester and the product on saponification and decarboxylation 
:furnished 2-isopropyl-4-(5 1 , 61 -dimethyl-!', 2', 3 1 , 4 1 -tetrahydro-1 1 -
:naphthyl) -butanoic acid (XXXIX). The corresponding naphthalene acid 
'(XL){obtained from (XXXIX) by aromatization with palladium on charcoal) 
'was cyclized to the phenanthrene {XLI) which was treated with methyl-
! magnesium bromide and the product was dehydrated and aromatized to 
1
1, 2, 8-trimethyl-7 -isopropylphenanthrene (XXVIII). 
Speculations on the position of the Carboxyl Group of Cassanic Acid.· 
In an attempt to arrive at a decision as to the positions of the 
substituents. in the Czo H22 alkylphenanthrene derived from cassanic 
20 
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G hart 3. Synthesis of 1, 2, 8-Trimethyl-7 -isopropy1phenanthrene. 
Q I H C NH:z. 
3 Ct-1.3 
XXIX XXX xxxi· 
XXXII XXXIII 
0 
XXXIV XXXV 
·-: .. 
.. -.-
,. 
. ~··~ 
! 
I. 
: . . 
'· ' ·1<. I 
',p 
l 
. t, 
'-
i. 
. ...... 
Chart 3. Synthesis of 1, 2, 8-Trimethyl-7 -isopropylphenanthrene. 
(continued from page 21) 
XXXVI XXXVII xxxvm 
XXXIX XL 
CH~ 
XLI ·XXVIII 
. ·-------------· 
r. \-
. -!· 
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·acid, the ultraviolet absorption spectrum of the hydrocarbon C20H22 
'was compared with those of various synthetic 1, 7, 8-trialkyl and 1, 2, 7, 8-
tetraalkylphenanthrenes {6). From this comparison, it was concluded 
: that the Czo H22 alkylphenanthrene deri.:ved from cassanic acid is a 
1, 7, 8:-trisubstituted and not a 1, 2, 7, 8-tetrasubstituted alkylphenanthrene. 
Consequently, these authors (6) suggested that the carboxyl group in 
cassanic acid and in its precursors is attached to a side chain and not 
: to a ring. 
: :b<:>cation o£ the Carboxyl Group o£ Cassanic .Acid. 
In 1955, Humber and Taylor (7) argued that i£ the carboxyl 
23 
grdup o£ cassanic acid were extranuclear as sugge.sted previously (6), then 
:the Cio H22 hydrocarbon derived £Tom cassanic aci'd must be an isobutyl-
dimethylphenanthrene. .Again, if cassanic acid were represented by 
the formulation (V}, then the C2oH22 derived from it must be 7 -isobutyl-
1, 8-dimethylphenanth10ene [IV; R = -CH2 CH(CH3) 2 ] • 
IV v 
11 direct comparison of this C20H 22 alkylphenanthrene derived from 
cassanic acid with an authentic sample of 7-isobutyl-1, 8-dimethyl-
phenanthrene (IV; R = -CH2CH(CHy iJ synthesized by Humber and 
Taylor {7) according to the sequence o£ steps summarized in Chart 4 
1 showed that the CzoHzz hydrocarbon was ~dentical with the synthetic 
1 specimen of 7 -isobutyl-1, 8-dimethylphenanthrene. 'rhe. formulation (Y) 
1 for cassanic acid W;:lS accepted ·provisionally. 
2.4 
·Synthesis of 7-Isobutyl-1, 8-dimethylphenanthrene (IV; R = -CHzCH(Cl!3)z) • 
. ! 
9, 10-Dihydro-1, 8-dimethylphenanthrene (XLII) o)>tained by the 
reduction of 1, 8-dimethylphenanthrene (XXIII) with sodium and ·alcohol 
was converted by acylation with isobutyryl chloride to the exclusive 
1 
Chart 4. Synthesis of 7-Isobutyl-1, 8-dimethylphenanthrene. 
CH3 
XXIII 
XLIV 
CH3 
XLII 
C.H:!' 
~ 
CH3 
XLIII 
CH.3 
IV 
'R, 
· CH.3 
product~ 2 -isobuty.ry(: 1, 8 -dimethyl-9, 10 -dihydrophenanthrene (XLIII). 
which on Clemniensen reduction followed by aromatization of the product 
(XLIV) with selenium furnished th.e desired 7 -isobutyl-!, 8 -dimethyl-
phenanthr~ne (IV; R = ~CHzCH(CH3)z~, 
Speculations on the Structure of Gassaic Acid. 
As a direct consequence of the foregoing evidence, the structure 
of cassaic acid may be expanded provisionally to (XLV) 
-0 
OH 
Ruzicka and Dalma (16) recorded the near ultraviolet spectrum of 
diketocassenic acid, c 20H 28o4 which shows a single strong absorption 
maximum at 223 millimicron (log ·6 4. 2) and weak maxima in the far 
ultraviolet. This absorption maximum at 223 millimicron is character-
' ' 
is tic of an e4j3 -unsaturated carboxylic acid or ester. This also 
shows the absence of l, 2- and l, 3-dioxo groupings in the diketo 
compound as well as the absence of an o<. p -unsaturated ketonic group 
and the grouping --.,- GO. GH =- GH. GOOH in cassaic acid. Moreover, 
. ' 
Engel (27} ozonized .methyl diketocassenate (XLVI) to obtain oxalic 
acidandatriketoneG 18H 26o3, m.p. l98.5-20cP, oCJ:EP -61°. This 
triketone shows 'but a weak absorption maximum in the far ultraviolet 
• (wavelength maximum 287 millimicron; log B 1. 8). Since one of the 
ketonic groups in this triketone is produced by the oxidative fission of 
the exocyclic double bond of methyl diketocassenate (XLVI), it must 
be located at position 7 in ring B of the perhydrophenanthrene nucleus. 
Since the ultraviolet absorption spectrum of -this tl"iketone shows the 
absence of 1, 2 ana l, 3-dioxo groupings; one of the two remaining 
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:0 
:. o HO 
XLVI 
10 
XLVII XVII 
isolated ketonic groups must be in ring A and the other must be in 
ring C. Consequently, one of the carbonyl groups in the precursor 
of this triketone (XLVII), namely methyl diketocassenate {XLVI) must 
be in ring A and the other must be located in ring C of the perhydro-
phenanthrene nucleus. From this evidence, it appears that either the 
hydroxyl oi: the carbonyl group of cas saic acid must be located in ring A 
; and the other must be located in ring C of the perhydrophenanthrene 
nucleus. By analogy with triterpenes such as j3 -amyrene (XVII; 
R = CH3"), Humber and Taylor (7) placed the hydroxyl group at posi-
tion 2 in ring A and arbitrarily as signed the ketonic group to position 9 
in ring B. These authors suggested {III) as a possible formulation for 
cassaic acid. The possibility that cassaic acid has the carbon skeleton 
shown in (III) had been indicated earlier by Tondeur {11). On this basis; 
26 
the above-mentioned triketone should be formulated as shown in (XLVII). 
Partial Synthesis of Cassanic Acid (V). 
Although cassanic acid (V) is included in the group of tricyclic 
diterpenes, it should be noted that this acid does not conform to the 
isoprene rule because of the methyl group at position 8. In this respect, 
it resembles the natural epimeric esters methyl vinhaticoate,Cz 1H3003 
and methyl vouacapenate, Czl ~cP3 • After extensive degradation 
experiments (9}(10)(28), the structure (XLVIII; R = COOCH3) for 
methyl vinhatk0 ate an,d the structure (XLIX; R = COOCH3) for methyl 
vouacapenate were established. Both methyl vinhaticoate (XLVIII; 
R = COOCH3) and methyl vouacape11ate (XLIX; R = COOCH3) could 
be converted to the same compound, vinhaticoane (vouacapenane)(L). 
Methyl vinhaticoate {XL VIII; R ~-GOOC!:!l ) and methyl vouacapenate 
{XLIX; R = COOCH3 ) differ from each other in the relative stereo- i 
chE7mistry of the methoxycarbonyl group at position l and the methyl 
group at position 12. In the former, these two groups are trans whereas 
in the lattei-, the groups are cis·.as shown in the formulations. In 
this respect vinhaticoic acid (XLVIII; R =. COOH) resembles abietic 
acid (LI) and vouacapenic acid (XLIX; R = COOH) resemblespodocarpic 
acid (LII). 
In 1958, King, King and Uprichard (8) furnished rigid proof of 
• the trans fusion of rings A and C of methyl vouacapenate by isolating 
the tricarboxylic acid GuH16o6 (LIII) by the vigorous oxidation of 
methyl tetrahydrovinhaticoate (LIV) •. This acid which had been obtained 
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'R Cl-13 R 
XLVlli XLIX L 
_,.CH3 OH 
CH 
'CH3 
. CH3 
~-CO:z.~l 
-1-1 . 
I 
HO,_C CH3 
· • C02 H 
H3 c co._H Ho._c CH3 
LI Lll LID 
. H3 1!.-0:~.C CH3 
LIV 
previously by Ruzicka arid Sternbach (29) from abietic acid (LIJ is 
optically inactive, because it possesses a plane of symmetry which is 
due to the fact that the··carboxyl groups at positions 1 and 3 are cis to 
each other. In the same publication, King, King and Uprichard (8) 
established the complete structure as well as the trans fusion of rings .A 
28 
and C of cassanic acid (V) by its partial synthesis from methyl vouacapenate 
(XLIX; ·R = COOCH3) in accordance with the sequence of steps summarized 
in Chart 5. Methyl vouacapenate (XLIX; R = COOCf3 ) was reduced with 
lithium aluminum hydride to vouacapenol {LV) which was oxidi>zed by 
chromic acid in pyridine to vouacapenal (LVI). Wolf£-Kishner 
reduction of vouacapenal {LVI) furnished vouacapenane (L). Perphthalic 
, acid converted vouacapenane (L) to the unsaturated hydroxylactone {LVII) 
which on Clemmensen reduction furnished theketoacid (LVIII), The 
dithioketal (LIX) derived from the ketoacid {LVill) was desulfurized with 
Raney nickel to furnish cassanic acid (V) which was identical with the 
cassanic acid {V) derived from cassai-.c acid (III). 
Chart 5. Partial Synthesis of Cassanic Acid. 
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29. 
Location of the Ketonic Carbonyl Group of Cassaic Acid. 
The inte:rconve:rsions on which the assignment is based and which 
is discussed below a:re summarized in C ha:rt 6. 
Gensler and Sherman (12, 30) assumed the suggested formulation 
' (ill) fo:r cassaic acid, advanced by Humber and Taylor (7) as well as 
by Tondeu:r (11) as co:r:rect. Sherman (12) deca:rbo"ylated cassaic acid 
30 
and acetylated the product (LX) to furnish (LXI). The carbonyl group. of 
(LXI) :resisted the action of excess of methylmagnesiuro iodide but :reacted 
Chart 6. Degradation of Cassaic Acid to 1, 7, 8, 9-Tet:ramethylphenanth:rene. 
ill 
CH co~H 
CH2. 
CH.3. 
LXII I 
0 
----7 " . c.-o 
I 
H:sC H3 C 
LXI 
with methyllithium. The product (LXll) on dehydration followed by 
aromatization with selenium furnished an alkylphenanthrene which was 
identified as 1, 7, 8, 9-tetramethylphenanthrene (I) by direct comparison 
with authentic 1, 7, 8, 9 -tetramethylphenanth:rene (I), the synthesis of 
which is presented in this dissertation. Since, 1, 7, 8-trimethylphenanthrene 
(IV; R = CH3) is obtained by the aromatization of cassanic acid (V) as well 
as dihydroxycassanic acid {LXIII}, the fourth methyl group of 1, 7, 8, 9-
tetramethylphenanthrene (I) must have originated from the addition of 
methyllithiuro to the carbonyl group which must therefore be at position 
9, as shown in the formulation (III). By following a different route, D. 
Mathieson (13) had succeeded independently, in degrading cassaic acid 
(IIi} to an alkylphenanthrene which proved to be 1, 7, 8, 9 -tetramethyl-
phen;mthrene (I) by direct comparison with the authentic sample of 
1, 7, 8, 9-tetramethylphenanthrefie synthesized in this laboratory. The 
above evidence·, there.fore establishes that the ketonic carbonyl of cassaic 
acid is at position 9 of the perhydrophenanthrene nucleus as suggested 
'earlier, but not 'proved, by Humber and Taylor (7) and by Tondeur (11). 
Location of th_e Hydroxyl Group of Cassaic Acid. 
Chart 7 summarizes the pertinent interconversions, which are 
discussed below. 
Gensler and Sherman (12, 30} decarboxylated diketocassenic acid 
(LXIV) to furnish the. correspondi.D.g diketo compound (LXV). On 
treatment of this diketo compound· {LXV)· with excess of methylmagnesiuro 
31 
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Chart 7. Degradati-on of Cassaic .Acid to 1, 2, 7, 8~Tetramethylphenanthrene. 
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iodide, only one ketonic group :reacted. · Since, the original carbonyl 
group present in cassaic acid as· well as de carboxylated acetate of 
cassaic acid {LXI) had proved to be unreactive to methylmagnesium 
iodide, the reactive carbonyl group o£ (LXV). appears to be that derived 
£rom the hydroxyl group •. · The product of G:dgnard reaction {LXVI) was 
reduced with lithium aluminum b.yd:~;ide to the dihydroxy derivative {LXVII) 
which on dehydration followed by aromatization with selenium furnished a 
tetramethylphenanthrene, which was identical with an authentic sample of 
1, 2, 7, 8-tetramethylphenanthrene .{LXVIII) synthesized by Heilbronner, 
Danker and Plattner {31) according to the sequence of steps summarized 
in Chart 8. Since, 1, 7, 8-trimethy1phenanthrene (IV; R = CH3) is 
obtained by the aromatization of cassanic acid and dihydroxycassanic 
acid, the fourth methyl group at position 2 of the 1, 2, 7, 8-tetramethyl-
phenanthrene (LXVIll) must have originated from the action of methyl-
. magnesium bromide on the carbonyl group at the 2-position of(LXV) . 
. This carbonyl, as discussed above, is the carbonyl group derived from the 
i . -
'hydroxyl group of cassaic acid (ill) the original carbonyl group o£ which 
·had been already proved to be in position 9. Consequently, the above 
·evidence establishes that the hydroxyl group of cassaic acid is at 
:position 2. of the perhydrophenanthrene nucleus as suggested earlier, but 
'not proved, by Humber and Taylor (7), Tondeur (11) as well as by Blount, 
! • 
:Openshaw and Todd (20). 
: Chart 8. Synthesis of 1, 2, 7, 8-Tetramethylphenanthrene. 
LXIX LXX 
LXXI LXXll LXVID 
Synthesis of 1, 2, 7, 8 -Tetramethylphenanthrene. 
2-(5 1 , 6•~Dimethyl-l', 2•, 3', 4 1 ~tetrahydro-1 1 -naphthyl)-ethy1 
bromide (XXXVlli) obtained in the manner described on page 207was 
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Chart 9. Conversion of Cassaic .Acid to 1, 2, 8-Trimethylphenanthrene. 
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condens~d with sodiomethylmalonic ester and the product was saponified. 
The resulting product was decarb?xylated to furnish the tetralin acid 
(LXIX}. The corresponding naphthalene acid (LXX} was cyclized to 
the substituted phenanthrone (LXXI}, which was treated with me-thyl-
magnesium bromide. The product was dehydrated to furnish the tetra-
meth:yl-dihydrophenanthrene (LXXII}. This tetramethyl-dihydro-
phenanthrene was aromatized to 1, 2, 7, 8-tetramethylphenanthrene 
{LXVTII). 
MathieSon and his coworker., (13} working indepej:lde:titly, reached 
. ' l . 
the same conclusion as Gensler and Sherman {12, 30} :regarding the 
- - , I 
position of the hydroxyl group in Cilssaic acid. These :authors ozonized 
' -
the methyl ester of acetylcassaic acid (LXXIII} to a diketoacetylcassane 
(LXXIV}. After removal of the ketonic groups, the dehved hydroxy-
- - ' 
cassane (LXXV} wasoxidized to give the rnonoketocassane (LXXVI} 
which on treatment with methyl Grignardreagent followed by aroma-
, tization of the product (LXxVTI) £urnish~d 1, 2, s~ (or 1\ 7, 8-)tri~ethyl-
·f· ... ,. 
phenanthrene (IV;_R =CH3}. The interconversi,ons di~cussed above 
have been summarized in_ 'chart 9. 
Finally, it must be mentioned that Turner_ and hi~ coworkers 
_ {32) who synthesized the ketone (LXXVIIa} deriyed from cassaic acid 
(ITI), independently arrived at the same conclusions rekarding the 
structures of cassaine (II) and cas,saic acid {Ill) which have now been_ 
established. 
35 
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C. Review of Methods for the Synthesis of Phenanthrene and Alkyl-
phenanthrenes. 
Progress in the chemistry of the diterp'enoids depended on basic 
experiments involving aromatization to derivatives of phenanthrene 
whose structures were proved by rational synthesis. This was the 
case in the present work on cassaic acid. Although the parent 
hydrocarbon phenanthrene (LXXVIII) can be prepared by a wide variety 
LXXVJII 
of methods, the unambiguous synthesis of a substituted phenanthrene 
possessing the substituents at definite ·positions in the ring system is 
a challenging problem. This is particularly so because of the limited 
availability of suitable starting materials and appropriate methods for 
ring-closure. No single metb.od .served the purpose of synthesizing 
phenanthrene der~vatives possessing desired substituents at appropriate 
positions in the phenanthrene nucleus. Consequently, new methods of 
synthesis had to be d.evised. In the follo~ing pages, a brief review 
of the standard methods for the synthesis of phenanthrene and alkyl-
substituted phenanthrenes :is. presented. This brief review is not intended 
to be complete because a through discussion of the numerous published 
methods is beyond the scope of this dissertation. A short review of the 
methods for the synthesis of phenanthrene has been published by Fieser 
and Fieser (33). A more detailed review of the methods of synthesis of 
37 
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! polycyclic hydroaromatic compounds has been published by Linstead 
(34) and by Springall (35}. 
l. The Pschorr Synthesis of Phenanthrene • 
.A comprehensive review of the Pschorr synthesis has been 
published by De Los F. De Tar (36). This topic has also been reviewed 
by Leake (37}. 
Chart 10: The Pschorr Synthesis of Phenanthrene. 
9 . 9 ON02. ~I O:o,. q.e.' c.o2. H + CH2.. . 
" 
---7 ~ CliO C02.H CH 
LXXIX LXXX LXXXI' 
9 '9 . «~2_ c --7 oc c ./, ij" ~ I ·. / co H 
CH 2 CH C02.H 
LXXXII LXXXIII 
LXXXIV LXXVill 
In 1896, Pschor:t: (38) developed a general method for the synthesis 
of phenanthrene derivatives. The sequence of steps which have been 
summarized in Chart 10 are discussed below. 
2-Nitrobenzaldehyde (LXXIX) was ~ondensed with the sodium salt 
of phenylacetic acid (LXXX) in the presence of acetic anhydride to 
furnish trans-2-phenyl-3-(ZI-nitrophenyl)-prop-2-enoic acid (LXXXI). 
The nitro group of this acid (LXXXI) was reduced to furnish trans-2-
1 
phenyl-3 -(2' -aminophenyl) -prop-2-enoic acid (LXXXII) in which the 
' two phenyl groups are cis to each other and are consequently favorably 
placed for subsequent ring-closure. The amino group of (LXXXII) was 
then diazotized and the diazonium salt {LXXXIII), without being 
isolated, was treated with copper powder to furnish phenanthrene-9-
carboxylic acid (LXXXIV) which was decarboxylated to phenanthrene 
{LXXVIII). 
2. a. The Haworth Synthesis of Phenanthrene . 
.Although the Pschorr synthesis provided an excellent route to 
39 
the methoxyphenanthrenes obtained as degradation products from morphine, 
· this method proved of limited applicability for the synthesis of alkyl-
! phenanthrene~. In 1932, Haworth (39) published a general method which 
was later (40) extended, for the synthesis of phenanthrene and alkyl- . 
phenanthrenes·. This method had been previously employed to a 
limited extent by Schroeter (41) and by Short (42). The sequence of 
steps which have been discussed below are sumn::J<!;.:rized in Chart 11. 
For the l'ynth~sis <;>£the 4+(naphthyl) -butanoic acids [fLXXXVIII) 
and (XC)}, the c<;>ndensation of naphthalene (LXXXV) with succinic 
40 
Chart ll, The Haworth Synthesis of Phenanthrene, 
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anhydride (LXXXVI) in presence of anhydrous aluminum chloride, a 
reaction first investigated by Giua (43) was used. This reaction, which 
proceeds best in nitrobenzene at low temperature furnished the mixtures 
of the isomers, 3-{1'-naphthoyl)-propanoic acid (LXXXVIIa) and 3-(2 1 -
naphthoyl) -propanoic acid (LXXXVIIb). The yield of the mixed products 
in this reaction is high and the two isomeric acids are easily separated. 
The structures of these naphthoylpropanoic acids were established by 
comparison with authentic samples prepared indirectly by Krollpfeiffer 
and Schlifer, (44) and by Schroeter, MMler and Huang {45). Each of 
these naphthoylpropanoic acids is then carried through the remaining 
stages. of the synthesis. Clemmensen reduction of 3-{1 1 -naphthoyl)-
propanoic acid {LXXXVIIa) furnished 4-(1' -naphthyl) -butanoic acid 
{LXXXVID) which was cyclized by 85o/o sulfuric acid to 1-oxo-J., 2, 3, 4-
tetrahydrophenanthrene {LXXXIX). Clemmensen reduction of this 1-oxo-
1, 2, 3, 4-tetrahydrophenan:threne {LXXXIX) furnished 1, 2, 3, 4-tetrahydro-
phenanthrene (XCII), which on aromatization with selenium furnished 
phenanthrene (LXXVIII). Similarly, reduction of 3- (2' -naphthoyl)-
propanoic acid (LXXXVIIb) furnished 4-(2' -naphthyl) -butanoic acid {XC), 
which on cyclization followed by reduction of the product, 4-oxo-1, 2, 3, 4-
tetrahydrophenanthrene {XCI) furnished 1, 2, 3, 4-tetrahydrophenanthrene 
(j ~Cl!}. This tetrahydrophenanthrene (XCII) was aromatized to 
phenanthrene {LXXVIII) with seleniwn. 
It should be noticed that cyclization of 4-{2 1 -naphthyl) -butanoic 
acid (XC) may proceed a priori in two directions to furnish either 4-oxo-
1, 2, 3, 4-tetrahydrophenanthrene {XCI) or 1-oxo-1, 2, 3, 4-tetrahydro-
anthracene {XCIII). However, as noted by Haworth (39) and further 
M 
XCI 
XC <j 10 '1 6(GQ" 3 
.., ::,.. I z .. 
'3 'I I 0 
XCIII 
discussed by Johnson (46), cyclization almost invariably occurs on the 
more reactive 1 1 -position of the naphthalene nucleus rather than on the 
less reactive 3'-position, unless either the position 1 1 is blocked by a 
substituent or the position 8 1 is occupied by a bulky substituent. Thus, 
Haworth and Sheldrick (4 7) found that cyclization of the acid chloride of 
the acid (XCIV; R :: H) by the action o£ anhydrous aluminum chloride 1 
'R 
XCIV XCV 
furnished 1-oxo-5-methyl-1, 2, 3 1 .4-tetrahydroanthracene (XCV; R =H). 
Similarly, Hewett (48) observed that the acid chloride o£ the acid 
42. 
(XCIV; R = CH3) on cyclization with anhydrous aluminum chloride!; 
furnished 1-oxo-5, 6, 7, 8-tetramethyl-1, 2, 3, 4-tetrahydroanthracene 
{XCV; R = CH3). In these cases, it was assumed by the above-
mentioned authors (47, 48) that the molecular complex formed by 
anhydrous aluminum chloride and the acid chloride o£ either (XCIV; 
R =H) or (XCIV; R = CH3) is so bulky that the approach of this complex 
to position 1 1 of the naphthalene nucleus is effectively prevented by the 
bulky substituent at position 8 1• Consequently, cyclization takes place 
on the less reactive but more accessible position 3 1 of the naphthalene 
nucleus. 
b. Modifications of the Haworth Synthesis of Phenanthrene. 
Various modifications of the Haworth synthesis are possible.· 
Some of the more important modifications of the Haworth synthesis are 
discussed below. 
In 1943, Newman and Zahm (49) introduced an important modifi-
cation for the preparation of 4-(2'-naphthyl)-butanoic acid (XC), which 
as mentioned before (c£. Chart 11) can be cyclized to 4-oxo-1, 2, 3, 4-
tetrahydrophenanthrene {XCI). Krollpfeiffer and SchMer (44) observed 
43 
(c£. Chart 12) that tetralin (XCVI) reacts with succinic anhydride (LXXXVI) 
in the presence of anhydrous aluminum chloride in benzene solution to 
furnish exclusively 3-(5', 6 1, 7 1, 8 1 -tetrahydro-2'-naphthoyl1-propanoic 
acid {XCVII; R = H). Newman and Zahm (49} observed that treatment 
of the methyl ester (XCVII; R = CH3) with palladium at 2'45-290° 
furnished methyl 4-(2 1•naphthyl) -butanoate (XCVIIl) which can be 
·-
Chart 12. Modification of the Haworth Syi:J.the sis. 
+ 
XCVI LXXXVI XCVII 
xcvm XC 
saponified to the corresponding acid (XC) in high overall yield. 
A second modification:Jor the preparation of substituted 4-(1'-
naphthyl)-butanoic acid (LXX) by the use of sodiomalonic \'ster was 
developed by Heilbronner, Danker and Plattner (31). This method has 
bee;n discussed in detail on page 33· in connection with the synthesis o£ 
1, 2, 7, 8-tetramethylphenanthrene (LXVIII). In 1945, Johnson, Goldman 
44 
and Schneider f.SO) published a method for the synthesis of 4-methyl-4-(2'-
naphthyl) -butanoic acid (CIV) which can be cyclized to a substituted 
LXX LXVIII 
Cha;rt 13:,· Johnson 1s.Synthesis Of 1,4~Dimethylphenanthrene. 
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phenanthrene (CV). In his method (Chart 13), the most critical step 
is the Stobbe condensation of Z-acetylnaphthalene (XCIX) with diethyl 
succinate/(C) in the presence of potassium tert-butoxide. The Joh:O.son 
method is best illustrated by the synthesis of 1, 4-dimethylphenanthrene 
(CVll). Z-Acetylnaphthalene (XCIX) was condensed with diethyl succinate 
in the presence of potassium tert-butoxide to furnish the half-ester-acid 
(CI) which on re£luxing with hydrobromic acid furnished the c/.,l;actone 
{Cll). Saponification of this (/-lactone furnished the sodium salt of 
the corresponding hydroxy acid (Gill) which was reduced by hydrogen 
in the presence of copper chromite to 4-methyl-4-{Z 1-naphthyl)-
butanoic acid (CIV). Cyclization with anhydrous hydrogen fluoride 
furnished 4-oxo -1-methyl-1, Z, 3, 4-tetrahydrop henanthrene (CV}. This 
tetrahydrophenanthrone (CV) was treated with methylmagnesium bromide 
to furnish the corresponding carbinol (CVI) which was. aromatized with 
palladium to 1, 4-dimethylphenanthrene (CVII). 
Many other variations of the Haworth synthesis are possible. By 
suitable combination of these variations, a large number of a.lkyl-
phenanthrenes were synthesized. 
3. The Bardhan-Sengupta Synthesis of Phenanthrene. 
In 193Z, Bardhan and Sengupta {51) described a novel synthesis 
of phenanthrene. The sequence of steps in this synthesis has been 
summarized in Chart 14. 
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The potassio derivative of Z-carbethoxycyclohexanone (CIX) was 
condensed with Z-phenylethyl bromide (CVTII) to furnish the ketoester (CX). 
47 
Chart 14. The Bardhan-Sengupta Synthesis of Phenanthrene. 
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This ketoester {CX) on saponification produced the corresponding acid, 
which lost carbon dioxide and furnished 2-{2 1-phenylethyl) -cyclohexan-
1-one (CXI). Reduction of the ketone {CXI) with sodium in moist ether 
furnished the corresponding hydroxycompound (CXTI). This hydroxy-
compound {CXII) on treatment with phosphorus pentoxide underwent 
cyclodehydration through the intermediate formation of the hydrocarbon 
(CXIII) to furnish 1, 2, 3, 4, 9, 10, 11, 12-octahydrophenanthrene (CXIV). 
This octahydrophenanthrene {CXIV) was aromatized to phenanthrene 
(LXXVIII) with selenium. 
Bardhan and Sengupta (51) assumed that the new ring was formed 
by direct elimination of water between the hydroxyl group and the 
benzene ring, but it has been found by other investigators that an 
unsaturated hydrocarbon {CXIII) is an intermediate. 
4. The Bogert-Cook Synthesis of Phenanthrene. 
This method for the s0>thesis of phenanthrene and its derivatives 
was developed independently by Perlman, Davidson and Bogert (52, 53) · 
and by Cook and Hewett {54, 55, 56). This synthesis involves a few steps 
of the Bardhan-Sengupta synthesis but is more general in application 
and simpler in operation. The sequence of steps which have been 
summarized in Chart 15 are discussed below. 
2-Phenylethylmagnesium bromide {CXV) was condensed with 
cyclohexanone {CXVI) to furnish the tertiary alcohol {CXVII). This 
tertiary alcohol (CXVII) was cyclodehydrated by treatment with 
concentrated sulfuric acid to furnish 1, 2, 3, 4, 9, 10, 11, 12-octahyd:ro-
48 
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Chart 15. The iBogert-Cook Synthesis. 
cxv CXVI cxvn 
+ 
CXIII CXIV cxvrn 
,/ 
LXXVIII 
phenanthrene (CXIV) which was identical with the same product derived 
from th.e Bardhan-Se:qgupta synthesis. Aromatization of this octahydro-
phenanthrene (CXIV) furnished phenanthrene (LXXVIII). It should be 
noted that direct elimination of water from the tertiary alcohol (CXVII) 
does not produce the octahydrophenanthrene {CXIV). This cyclode-
hydration reaction proceeds in two stages. In the first stage, elimina-
tion of water from the tertiary alcohol {CXVII) leads to the formation of 
the unsaturated hydrocarbon (CXIII). The formation of this unsaturated 
hydrocarbon was demonstrated by its actual isolation from the product 
obtained by the action of a mild de hydrating agent, such as iodine, on 
the tertiary alcohol (CXVII). The unsaturated hydrocarbon (CXIII) was 
then cyclized in a separate step to the octahydrophenanthrene (CXIV) by 
the action of concentrated sulfuric acid. 
It should be noted that a minor amount of a spiran (CXVIII) is also 
produced along with the major product (CXIV) in the cyclization. 
Recently, several publications (57, 58, 59, 60) on the mechanism 
of the cyc1ization of several 2-arylethy1-cyclohexanols have appeared 
in the literature. 
5. Other Recent Syntheses of Derivatives of Phenanthrene. 
a. The Robinson-Schlittler Synthesis. 
In an ingenious series o{experiments summarized in Chart 16, 
Robinson and Schlittler (61) synthesized the oxo-phenanthrone (CXXIV). 
50 
These authors condensed 4-(3 1-methoxyphenyl) -butanoyl chloride 
(CXIX) with the sodioderivative o£ ethyl 2-acetylpentane-l, 5-dioate {CXX). 
51 
Chart 16. The Robinson-Schlittler Synthesis. 
GXIX cxx. GXXI 
GXXII CXXIII 
GXXIV 
The prod)lct (CXXI) W!~-S hydroly_zed carefully in stages to furnish the 
ketoacid (CXXII; R =H). The corresponding methyl ester (CXXII; R = 
CH3 ) was cyclized with sodium methoxide to the product (CXXIII) 1 
which is a derivative of resorcinol. This product (CXXIII) was 
cyclized with sulfuric acid to furnish 7 -methoxy-1-oxo -1, 2, 3, 4, 9,, 10-
hexahydrophenanthrene (CXXIV). 
b. The Bachmann-Kushner-Stevenson Synthesis. 
In 1942, Bachmann, Kushner and Stevenson (62) published an 
elegant method for the synthesis of 7-methoxy-1-oxo-1, 2, 3, 4, 9, 10-
hexahydrophenanthrene (CXXIV). This synthesis which is discussed 
below, advances along the steps summarized in Chart 17. 
2-(3'•Methoxyphenyl)-ethyl bromide (CXXV) was condensed with 
sodiomalonic ester to furnish the triester (CXXVI), which in the 
form of its sodium salt reacted with the acid chloride of ethyl hydrogen 
glutarate, ClCO(CH2 }JCOOC2 H 5, to furnish the ketotriester (CXXVII). 
This ketotriester (CXXVII) on cyclization, followed by saponification 
of the product (CXXVIII) furnished the tricarboxylic acid (CXXIX). 
This tricarboxylic acid (CXXIX) lost carbon dioxide on treatment 
with hot water to form the dicarboxylic acid (CXXX; R = H). The 
corresponding dimethyl ester (CXXX; R = CH y was cyclized with 
sodium methoxide and the product (CXXXI) on saponification, furnished 
an acid which lost carbon dioxide and produced 7 -methoxy-1-oxo-
52 
1, 2, 3,4, 9, 10-hexahydrophenanthrene (CXXIV) identical with the compound 
synthesized by Robinson and Schlittler (61) as described above. 
Chart 17; The Bachmann-Kushner-Stevenson Synthesis. 
·~· 
c:X:xv 
CXXVll 
CXXIX 
CXXXI 
,.. C02 C:z_l-iS 
. ·· ~ y!:!..co2.c:z.H.> 
~ /C.H2. 
H~CO · . CH2. 
CXXVI 
cxxvm 
cxxx 
0 
CXXIV 
53 
Chart 18. The Bardhan~Nasipuri Synthesis. 
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c. The Bardhan-Nasipuri Synthesis of Phenanthrene. 
In 1956, Bardhan andNasipuri (63) published an elegant method 
(cf. Chart 18) for the synthesis of phenanthrene and alkylphenanthrenes. 
< • 
The acid chloride of ethyl hydrogen glutarate, ClCO(CH2)~00CzH5 
was condensed with ethyl sodioacetoacetate to furnish mainly ethyl 4, 6-
dioxoheptane-1, 5-dicarboxylate (CXXXII) which was converted to 
ethyl 2-oxopentane-l, 5-dicarboxylate (CXXXIII). Treatment of the 
sodioderivative of (CXXXIII) with 2-phenylethyl bromide (CVIII) 
i 
furnished the ketodiester (CXXXIV) which was cyclized to the dihydro-
naphthalene derivative (CXXXV; R =H). The corresponding diethyl 
ester (CXXXV.; R = C2 H 5 ) on treatment with sodium ethoxide,furnished 
the tricyclic ketoes.ter (CXXXVI) which was converted by saponification 
to an acid which lost carbon dioxide to furnish l-oxo-1, 2, 3, 4, 9, 10-
hexahydrophenanthren~ (CXXXVII). This ketone (CXXXVII) was reduced 
by Clemmensen's method to a hexahydrophenanthrene which was aroma-
tized to phenanthrene (LXXVIII). 
d. Methods involving the Diene Synthesis. 
In 1935, Fieser and Hershberg (64) observed (cf. Chart 19) that 
3, 4-dihydronaphthalene -1, 2, -dicarboxylic acid anhydride (CXXXVIII) 
condensed with dienes, such as 2, 3-dimethylbutadiene (CXXXIX) to 
furnish the hydrophenanthrene-carboxylic acid anhydride (CXL). This 
~cid anhydride (CXL) on decarboxylation with alkali at a high temperature 
furnished a mixture of hydrophenanthrenes (CXLI) which could be aroma-
tized to 2, 3-dimethylphenanthrene (CXLII). 
-~I::==-·-----. ~ ----·-----'-~----
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Chart 19. The Fieser~Hershberg Synthesis. 
0 l-l;z,C II ,, if' C-CH,:, 'o + I c/ C-CH3 ----7 ~ I; /. \-12.C 
CXXXVIII CXXXIX CXL 
CXLI CXLII 
.A variation (c£. Chart 20) of this rliene synthesis consists in 
the use of a vinylnaphthalene, such as (CXLIV) as the diene component. 
These vinylnaphthalenes are prepared easily by the treatment of the 
corresponding· 2-(1' -naphthyl) -ethyl alcohol (CXLID) with potassium 
hydroxide. This variation of the diene synthesis is illustrated by the 
synthesis of 7-methox:y-1, 2, 3, 4,-tetrahydrophenanthrene-1, 2-di-
carboxylic acid anhydride (CXLVl) according to Cohen and Warren '(65) 
(c£. Chart 20). 
6-Methox:y-1-vinylnaphthalene (CXLIV) prepared from the alcohol 
(CXLID) was condensed with maleic anhydride to furnish the product 
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(GXL V) whl~h isomerized under conditions of the reaction to 7 -methox:y-
1,-2, 3, 4-tetrahydrophenanthrene-1, 2-dicarbox:ylic acid anhydride (CXLVI). 
r 
Chart 2.0. The Cohen-W.arren Synthesis. 
CXLlli CXLIV 
CXLV CXLVI 
e. The Ginsberg-Pappo Synthesis of Phenanthrene. 
In 1951, Ginsberg and Pappa (66) published an elegant methqd 
for the synthesis of phenanthrene and alkylphenanthrenes. The critical 
step in this synthesis {c£. Chart 2.1) is the Michael condensation o£ 
compounds containing reactive methylene groups, such as diethyl 
malonate, CHz (COOCzHs )z with 2.-phenyl-cyclohex-2.-en-1-one {CXLVll) 
in the presence of a suitable basic catalyst such as sodium ethoxic;le 
to furnish the Michael adduct (CXLVIll). This adduct (CXLVlli) on 
cyclization with zinc chloride iri acetic anhydride and acetic acid 
furnished,· through simultaneous half-decarboxylation, 4, 9-dioxo-
1, 2., 3, 4, 9, 10, 11, 12.-octahydrophenanthrene (CL). This dioxooctahydro-
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Chart 21.' ' The Ginsberg-Pappo Synthesis. 
GXLVII 
GXLIX 
GXIV 
3 
2 
GXLVIII 
GL 
LXXVIII 
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phenanthrene (CL) on Wol££-Kishner reduction 'followed by aromatization 
of the procjuct (CXIV) furnished phenanthrene (LXXVIII). 
f. .Robinson Synthesis of Hydrophenanthrenes. 
In 1937, ·. Robinsc:m and.his coworkers (67) published a method 
£or the extension o£ an alicyclic ring. This method found its most fruit-
ful application in the total synthesis of steroids containing a network of 
£our hydroaromatic rings with two angular methyl groups. This reaction 
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is essentially a Michael addition of the enolate anion (CLII; R = H or alkyl} 
corresponding to the six-membered ring ketone (CLI; R = H or alkyl) 
·I to the alkyl vinyl ketone (CLIII; R 1 =H or alkyl). This Michael addition 
I 
leads to the formation of a l, 5-diketone ·(CLIV; R = H or alkyl; R' = H 
or alkyl) which may be cyclized again under conditions of base catalysis 
to furnish a substituted cyclohexenone (CLV; R = H or alkyl; R• =H. or 
alkyl) • .As is often the case, the intermediate 1, 5-diketone (CLIV; R"' H 
or alkyl; R 1 :: H or alkyl). need not be isolated; .Again, instead o£ using 
alkyl vinyl ketone (CLIII; R' = H or alkyl), the corresponding Mannich 
base methiodide (CLVI; R 1 = H or alkyl}is used. This Mannich base 
methiodide is easily converted to the alkyl vinyl ketone (CLIII} by the 
base used for catalyzing the Michael condensation as shown above. The 
application of this method for the extension of a ring system may be' 
illustrated by the synthesis {cf. Chart 22}. of the tricyclic methoxyketone 
(CLXI} (68, 69), which is an important int.ermediate for the total synthesis 
of non-aromatic steroids. 
Cornforth, Cornforth and Robinson (70) reduced 1, 6-dimethoxy-
o: 
.CLI 
oc~ CH:z. ,, + fH 
C=o 0 _. 
e CH,_ 
I I 
'R. 
CLII CLIII 
.CLV 
[ 
0 
I II 
'R.cHi"" c 
CLVI 
CLII 
60 
ctc~~H I 2. 
/c."'o 
CH:z. 
I / 
'R 
CLIV 
CH2. 
~CH 
I 
C=o 
/ 
+lC2 Hs\. NCH.3-t&>l 
+ :rEJ 
CH2. 'R 1 
CLill 
Chart 22. The Robinson Synthesis of Hydrophenanthrenes. 
' 
8. QCH 3 .....:: J.I.3C'? 
CLVII CLVIII 
CLIX CLX 
,/ 
0 
CLXI 
naphthalene {CLVII) with sodium and methanol to the enol ether (CLVIII) 
which was ·hydrolyzed to 5-methoxy-2-tetralone (CLIX). Monomethyla-
tion of this tetralone (CLIX) at position 1 was accomplished by sodium 
· methoiX:ide and methyl iodide. The product (CLX) was condensed with 
me:t:hylvinyl ketone, (which was prepared in the reaction vessel by the 
. ·action of potassium ethoxide on diethylaminobutanone methiodide, 
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·~~' · .. --.... p!' 
'" 
.• -r:· .. · .. 
' ··~ .!.0:• ~ 
[ ID J e CH3 CO(CH2 )2 N. (CHy(C 2Hsl2 I )to furnish 8-methoxy-12-methyl-2-
.. . .. · 
olco-2, 3, 4, 9; 10,12-hexahydrophena'nthrene (CLXI}. 
In the following section, an outline of the method used for the 
synthesis of 1, 7, 8, 9-tet'ramethylphenanthrene (I) is presented and 
discussed. 
I 
------- -- --- - -- --- . ----- - - -~ ------------ --~--~ 
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TII. .SYNTHESIS OF 1; 7, 8, 9-TETR.AMETHYLPHENANTHRENE. 
A. Outline of the Synthsis. 
1. Sequence of Steps for the Synthesis of 1, 7, 8, 9-Tetramethylphenan-
t rene. 
The sequence of steps in the present method of synthesis has 
been summarized in Chart 23. It should be pointed out that structural 
formulas enclosed in brackets represent compounds which have not 
been isolated in the course of this investigation. Chart 23 is discussed 
in detail in subsequent sections. 
63 
Chart 23, Synthesis of 1, 7, 8, 9-Tetramethylphenanthrene. 
0 
Cl-1-C// 
I :4 'o 
C.H -c' + ;2; ,, 
0 
LXXXVI 
CLXVI 
\ 
C)Cl + 
CH3 
CHa. 
CLXVII 
:Mb·. 
~CH3 
CH.3 . 
CLXIX 
CLXII CLXIII 
~ 
CLXV CLXIV 
w w+ ---7 CH CH3 CH5 .3 Ctl3 
CLXJlcrt CLXIX 
CLXXI 
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OCl . CH.3 
CH3 
CLXX 
(over) 
. . ... ~ . 
Chart 23. Synthesis of 1, 7, 8, 9-Tetramethylphenanthrene. 
3 
(continued from page 64) 
Co2. c2. Hs 
I 
CLXXII 
co2 H 
I 
CH- C 1-13 I 
"': CH- CH3 
CH3 
CLXXV 
CLXXVI 
CLXXVIII 
------
C02 C2.H5 
I 
CH-CH3 
I 
~C:.CH2 
~c· 
1-1 Cl-\3 c 3 
CLXXIII 
t 
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1
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'· 
,. 
1 
I 
l 
J 
I 
' l C.h;q·t 23. Synthe.sis of l, 7, 8, 9-Tetramethylphenanthrene. {contmued from page 65) 
I 
1 
I 
co ct. 
I 
fH-C.H3 
WCH-CH3 
CH3 . CH3 
C:.L~;x 
./CH~ 
C02 H" C:H-CH3 
I . 
--;:; 
CH- CH3 
. 
CH3 
CH3 
CLXXXII 
t 
CLXXXIII 
.. 
. f 
-----. j 
-::dW;~-----,~---~-::.i r-:;:-~-=. _____ . -----· -- ::....::.-
I 
CLXXX 
CH.3 
CH3 
CLXXXIV 
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2. Rationale for the Synthesis of 1, 7, 8, 9-Tetramethy1phenanth;r-ene (I}. 
In this section, frequent reference has been made to Chart 23 on 
page·s 64-66. This chart summarizes ·the sequence of steps used in 
the present method. Consequently, the reader is requested to refer to 
the above 7 mentioned chart for structural fo-rmulas whenever necessary. 
As mentioned previously in Section II C, page 41. , 4-(2• -naphthyl}-
pentanoic acid (XC) can be smoothly cyclized to 4-oxo~l, 2, 3, 4-tetra-
hydrophenanthrene (XCI}. The basis for the present synthesis of. 
XC XCI 
' 1, 7, 8, 9-tetramethylphenanthrene (I} was the formation of 3-methyl-4-
(31, 5 1-dimethyl-2 1-naphthyl)-pimtanoic acid (CLXXXII} which on 
cyclization would furnish. 4-oxo-1, 2, 8, 10-tetramethyl-1, 2, 3, 4-tetra-
hydrophenanthrene (CLXXXIII}. This phenanthrene (CLXXXIII) would 
then be reduced to 4-hydroxy-1, 2, 8, lO~tetramethyl-1, 2, 3, 4-tetrahydro-
phenanthrene (CLXXXIV} which could then be dehydrated and the 
product aromatized to furnish 1, 7, 8, 9-tetramethylphenanthrene (1}. 
As the first step towards the synthesis of this important inter-
mediate, 3 -methyl-4-(3 1, 5 1-dimethyl-2' -naphthyl} -pentanoic acid (CLXXXII), 
toluene (CLXII) was condensed with succinic anhydride {LXXXVI} by 
the Friedel-Crafts reaction, to furnish the known acid, 3-(4'-methyl-
\' 
1 benzoyl}-propanoic acid (CLXIII}. This ketoacid (CLXIII} was smoothly 
' 
reduced by the Clemme;psen method to furnish the known acid, 3 -(4 1 -
methylphenyl) -butan()ic ·acid (CLX;IV), which was then cyclized with 
85o/o sulfuric acid to the known and well-char<~cte:dzed ketone, 7 -methyl-
1-tetralone (CLXV). 
It may be pointed out here that the aromatic :dng of 7 -methyl-1-
tetralone (CLXVj is de:stined to be the ring C of 1, 7, 8, 9-tetramethyl-
phenanthrene (;I) and that the other ring which is destined to be the ring 
.A of the fin..I. product. (;I) contains a ketonic carbonyl group for the 
introduction o£ a methyl substituent at the desired position. 
Treatment of 7-methyl-1-tetralone (CLXV) with methylmagnesium 
iodide followed by decomposition of the Grignard-complex with dilute 
acid furnished an unsaturated product, which analyzed for c12 H 14• 
Earlier investigators (71), who worked on acid-catalyzed elimination 
of water from 1-methyl-1-tetralol (CLXXXV}, concluded that the major 
CLXXXV CLXXXVI 
product was 1-methyl-3, 4-dihydronaphthalene (CLXXXVI). By analogy 
with this previous information as well as on the basis of spectroscopic 
evide;pce discussed onpage 80, it is as.sumed that the u;psaturated 
hydrocarbon, C 1zHl4 consists mairuy of l, 7-dimethyl-3, 4-dihydro-
;naphthalene (CLXVIII). However, it should be pointed out that the 
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I 
I 
I 
I 
i 
' I 
i 
I 
available evidence does not exclude the presence of 1-methylene -7 -· 
methyl-1, 2, 3, 4-tetr;J.hydronaphthalene (CLXVII) in this product . 
. This unsaturated hydrocarbon (CLXVill} was catalytically reduced 
at room temperature using palladized charcoal to furnish the known, 
1, 7-dimethyl-1, 2, 3, 4-tetrahydronaphthalene (CLXIX). In this reaction, 
the known hydrocarbon, 1, 7 -dimethylnaphthalene (CLXX) was obtained 
as a by-product. .Although 1, 7 -dimethyl-1, 2, 3, 4-tetrahydronaphthalene · 
(CLXIX) is known (cf. page S5 ), confirmation of its structure by 
aro:m:atizing w~th palladized cha'rcoal to the known and well-character'-
ized hydrocarbon,' 1, 7 ~dimethylnapli.thalene {CLXX} was obtained. 
Pd/C 
CLXIX CLXX 
.As is evident, 1, 7-dimethyl~l, 2,3,4-tetrahydronaphthalene {CLXlX 
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below with dotted ring B) possesses the two properly substituted rings 
which are destined to be rings A and C of 1, 7, 8, 9-tet:ramethylphenanthrene 
(I}. The major task was then to construct ring B with the two methyl 
substituents in the proper positions, 
A survey o£ earlier iD.vestigations (49, 72, 73, 74) on the acylation 
o£ tetralin ·(XCVI) :revealed that under conditions o£ the F:riedel-Cra£ts 
~eaction, this hydrocarbon (XCVI) is acylated exclusively at position 6 
{or 7). Furthermore, 6-ethyltetralln (CLXXXVII; R = c 2 Hs) or 
CLXIX 
'1-. !> 
3~' 
!1.~1 
I 8 
XCVI CLXXXVII 
6-:methyltetralin (CLXXXVII: R = CH3) is acylated exclusively at 
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position 7. Consequently, it was expected that acylation of 1, 7 -di:methyl-
1, 2, 3, 4-tetrahydronaphthalene (CLXIX) with acetyl chloride under 
conditions of the Friede1-Crafts reactions should furnish exclusively 
2-acetyl-3, 5-di:methyl-5, 6, 7, 8-tetrahydronaphthalene (CLXXI). This 
expectation proved to be true, That the acetyl group had entered posi-
tion 6 of 1, 7 -di:methyl-1, 2, 3, 4-tetrahydronaphthalene (CLXIX) was shown 
by oxidation of the ketone (CLXXI) to the known 1, 2, 4, 5 -benzenetetra-, 
carboxylic acid (CLXXXVIII). 
CLXXI CLXXXVIII 
Condensation of 2-acetyl-3, 5-di:methyl-5, 6, 7, 8-tetrahydro-
naphthalene. (CLXXI) with a fourfold excess of ethyl ~-bro:mopropanoate 
a1>co1 CH3CH(Br)COOC 2H 5 in th~ presence of a sixfold excess of zinc 
under conditions of the Reformatsky·reaction .furnished the isomeric 
mixture of hydroxyesters (CLXXII). This isomeric mixture of 
hydroxyesters (CLXXII) was dehydrated with phosphorus pentoxide and 
the resulting unsaturated esters (CLXXIII) were saponified to a mi,xture 
of isomeric acids (CLXXIV). The hydroxyesters (CLXXII) and the 
unsaturated esters (CLXXIII) were not isolated. 
On the basis of available spectroscopic evidence (page 98 ), it 
appears reasonablla to assume that the structure of this mixture of 
diastereoisomeric acids is represented by (CLXXIV). 
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This mixture of isomers of 2-methyl-3-(3 1 , 5 1 -dimethyl-5 1, 6 1, 7 1,8 1-
tetrahydro~2'-naphthyl) -3 -butenciic acid '(CLXXIV) was reduced with 
hydrogen at room temperature and at a pressure of three atmospheres 
in presence of platinum (IV) oxide to a. mixture of isomers of 2-methyl-
3 -(3 1, 5 1 -dimethyl-5 1, 6 1, 7 1, 8 1 -tetrahydro-21 -naphthyl) -butanoic acid 
(CLXXV). The derived isomeric methyl esters {CLXXVI) were aroma-
tized with sulfur at 220-2600 to an isomeric mixture of methyl 2-methyl-
3-(31, 5'-dimethyl-2 1 -naphthyl)-butanoate (CLXXVll). Chromatography 
of this isomeric mixture of methyl 2-methyl-3-(3 1, 5 1-dimethyl-2'-
naphthyl) -butanoate {CLXXVll) permitted the isolation of two different 
ester fractions. Saponification of one of these ester fractions followed 
by purification of the resulting acid by recrystallization furnished a 
single isomer of dl-2-methyl-3 -{3 1, 5 1 -dimethyl-21-naphthyl} -butanoic 
acid (CLXXVlli). .Analytical data, neutral eqUivalent, the ultraviolet 
and the infrared absorption spectra as well as the mode of synthesis 
of this acid are consistent with the assigned structure (CLXXVill). 
The other ester fraction was also saponified to obtain an acid which 
was not further investigated. This is expected to be the other 
diastereoisomer of the acid (CLXXVill). 
dl-2-Methyl-"3-(3 1 , 5•-dimethyl-2 1 -naphthyl) -butanoic acid 
{CLXXVill) was converted into dl-3 -methyl-4-(3 1 , 5 1 -dimethyl-2 1 -
naphthyl)-pentanoic acid {CLXXXII) by the .Arndt-E1stert sequence. 
·The intermediates, namely, the acid chloride (CLXXIX), the non-
crystalline diazoketone {CLXXX) as well as the methyl ester {CLXXXL:) 
obtained from 2-methyl-3 -(3 1, 5' -dimethyl- 2' -naphthyl) -butanoic acid 
(CLXXVill) by successive treatment with thionyl chloride, ethereal 
diazomethane and a slurry of silver orlde in anhydrous methanol were 
not isolated. .Analytical data, neutral equivalent, the ultraviolet and 
the infra :r-ed· absorption spectra as well as the mode of the synthesis 
are consistent with the assigned structure (CLXXXII). Furthermore, 
the fact that this acid (CLXXXII) can be cyclized to the phenanthrene 
(CLXXXill) is additional evidence in favor of the. assigned structure 
(CLXXXU). 
When 3 -methyl-4-{3 1 , 5 1 -diniethyl-2 1 -naphthyl) -pentanoic acid 
(CLXXXU) was treated with anhydrous hydrogen fluoride at ice-bath 
temperature, the acid {CLXXXII) was smoothly converted into 4-ox:o-
' 
. L 2, 8, 10-tetram~thyl-1, 2, 3,4~tetrahydrQphena!lthren.Ji'. (CLXXXIU). 
This phenanthrene (CLXXXIU) which analyzed correctly for C 18H2<f=>, 
readily formed a 2, 4-dinitrophenylbydrazone. Moreover, it was also 
characterized by the ultraviolet and infrared abso:r-ption spectra; 
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Th~s phenanthrene (CLXXXIII) was reduced with lithium aluminum 
hydride to 4-hydroxy-1, 2, 8, 10-tetramethyl-1, 2, 3, 4-tetrahydro-
phenanthrene (CLXXXIV) which was isolated but not purified. The 
crude phenanthrol (CLXXXIV) was heated with palladized charcoal at 
280-310° to give 1, 7, 8, 9-tetramethylphenanthrene {I) by dehydration 
and dehydrogenation. 
1, 7, 8, 9-Tetramethylphenanthrene (I) showed the correct analysis 
for carbon and hydrogen, The hydrocarbon formed a picrate derivative, 
a trinitrobenzene derivative as well as a trinitrofluorenone complex. 
Each of these derivatives analyzed correctly for carbon, hydrogen 
and nitrogen. The ultraviolet absorption spectrum of 1, 7, 8, 9 -tetra-
methylphenanthrene (l) is characteristic of an alkylphenanthrene. 
Accordingly, there is every reason to believe that the desired material 
was at hand. 
In the following section, a discussion of the experimental results 
obtained as well as the reactions used in the present investigation is 
presented. 
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B. Discussion o£ Reactions and Experimental Results. 
1. 3~(4•-Methylbenzoyl) -propanoic Acid {CLXIII). 
CHz.- c~0 
I - ) + 
C.H2.- C,... . 
"O 
LXXXVI CLXII 
<>-nhydrous 
AlCl3 
0 
II 
_ _.,c. . 
CH2- "(Rr I ~ -
Cfl,.. CH~ 
'co H 
. 2.. 
CLXill 
The procedure adopted !or the preparation o£ the previously well 
characterized keto acid, 3 -{4 1-methylbenzoyl) -propanoic acid (CLXIII) 
is a modification o£ the process described by Barnett and Sanders (75) 
who modified the earlier procedure described by Limpricht (76). 
Limpricht (76) first prepared this keto acid (CLXill) by the condensa-
tion o£ succinic anhydride (LXXXVI) with toluene (CLXII) in the 
presence 6£ anhydrous aluminum chloride. Limpricht {76) oxidized. 
0 
II 
li(c~ Cll:~. ~CH.3 
'- CO._H . 
-CLXill 
dilute KMn04 / 
. /• 
-.... 
\ excess KMn04 
H o.2.c'(Il· _  · 
I -
~ ·cH 
. ;, 
CLXXXIX cxc 
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tliis ketoacid (CLXIII) with dilute potassium permanganate solution 
under controlled conditions to the known p-toluic acid (CLXXXIX). 
Oxidation o! the keto acid (CLXIU) with excess pe rmanganate furnished 
the known 1, 4-benzenedicarboxylic acid,(CXC). These two reactions 
established the structure of ketoacid {CLXIll). Limpricht (76) did not 
use any solvent for the above condensation. In 1933, Barnett and 
Sanders (75) repeated the above reaction using nitrobenzene, carbon 
disulphidei, benzene, petroleum ether as well as 1, 2..:dichloroethane, 
ClCHz CHz Cl as solvents. These authors remark that the use of 1, 2.-
dichloroethane in the above condensation results in a better yield of the 
acid (CLXIll). The experimental details published either by Limpricht 
(76) or by Barnett and Sanders {75) are very meager. 
In the procedure adopted !or the preparation of this ketoacid 
(CLXlli), anhydrous aluminum chloride (7. 2 moles) was added to an 
ice-cold (0-50) solution of toluene (3. 5 moles) and succinic anhydride 
(3. 5 mqles) in 1. 21. of 1, 2-dichloroethane. Barnett and Sanders (75) 
do not mention the temperature at which the reaction mixture was held 
during addition of anhydrous aluminum chloride. These authors (7 5) 
mention that the reaction is usually complete in two to three hours at' 
room temperature. However, in the hands of the present author, the 
time and temperature specified by Barnett and Sanders (75) were found 
to be inadequate. Consequently, the reaction mixture was stirred at 
20° for two hours followed by heating on the steam bath for four hours 
when better yields of the product were obtained. The melting point 
(128-131 ~ of the. highly purified product obtained in this experiment 
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compares very favorably with the melting point (129") reported by 
Barnett and Sanders (75) and with the values (127°}{76), (124-12€P)(77), 
(126-128°)(78), reported in the literature. 
The best yield of this ketoacid (m,p. 124-127°) was 82%. Barnett 
and Sanders (75) do not mention the yield of this ketoacid specifically. 
These authors condensed succinic anhydride with other aromatic hydro-
carbons, According to these authors, the yield of all the ketoacids 
varied between 80-90o/o. 
Fieser and Dunn (77) obtained this ketoacid in 94. 5% yield. The 
experimental details of the method used by Fieser and Dunn (77) were 
not published. 
2. 4-(4•-Methylphenyl) -butanoic Acid (CLXIV). 
CLXlll 
Zinc-amalgam 
cone. HGl > 
/CHo. 
CH2. ~ I~ CH:t CH_, 
....._ C0:~.11 
-CLXIV 
The procedure described by Maitin (79) for the Clemmensen reduction 
of 3-(4Lmethylben:.:oy1) -propanoic acid (CLXlll) with amalgamated zinc 
and concentrated hydrochloric acid was followed. The melting point 
(59-6rP) of this reduced acid (CLXIV) compares very favorably with 
the melting point'(61-62°) of the same reduced acid (CLXIV) reported 
by Martin (79), ~nd with the values (59")(75}, (59-61°)(78), (60-61°}(77) 
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reported in the literature. 
The best yield of 4.(41 ·methylphenyl) ·butanoic acid (CLXIV) 
obtained in this experiment was 88% of the theoretical yield. The 
same yield has b.een ;reported by Martin. 
~. 7 ·Methyl. l·tetralone (CLXV). 
CLXIV CLXV 
The procedure adopted for the preparation of 7.methyl.l.tetralone 
(CLXV) is a modification of the procedure described by Barnett and 
Sanders (75). The method described by Barnett and Sanders (75) 
consisted in heating the re.duced acid (CLXIV) with SO% sulfuric acid 
on the steam bath for one and one.half hours, Whereas this method 
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works satisfactorily for quantities up to about 20 g., the same procedure 
. did not work well in the hands of the present au.thor for larger q)lantities 
of the reduced acid {CLXIV), a considerable quantity of the starting. 
material being recovered. It is reasonable to assume that with larger 
amoJlnts of material as well as with proportionately larger size of the 
reaction vessel, the optimum temperature for cyclization was not attained 
during the time mentioned. Consequently, the acid (CLXIV) was treated 
with 85% sulfuric acid at 90-100° for two and one .half hours. This 
procedure was foJlnd to be more satisfactory than that described by 
Barnett and Sanders (75). The melting point (35-37°) of the purified 
7 -methyl-1-tetralone (CLXV) obtained by following the recommended 
. procedure compares very favorably with the melting point (35°) reported 
by Barnett and Sanders (75), as well as with the values (32. 5-33, 5°)(44), 
(35-38°)(78), (31-33°)(80), (35-36°){81) reported by other investigators. 
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The yield of 7 -methyl-1-tetralone (CLXV) obtained in the present 
experiment was 76-78% which was slightly higher than that (70o/o) reported 
by Barnett and Sanders (75). Fieser and Dunn (77) as well as Ruzicka 
and Mtlrgeli (26) obtained 7 -methyl-1-tetralone {CLXV) as a liquid. 
Newman (80) prepared 7 -methyl-1-tetralone (CLXV) by the action of 
anhydrous aluminum chloride on the acid chloride .of 4-(41 -methylphenyl)-
butanoic acid in 88. 5% yield. 
4. 1, 7 -Dimethyl- 3, 4 -dihydronaphthalene (CLXVlli) and !-Methylene-
/-methyl-!, 2, 3, 4 tetrahydronaphthalene (CLXVll). 
1. CH.3Mgl 
'2':"' dllute HCI > 
CLXV CLXVIII CLXVII 
The general procedure described by Barnett,and Sanders (75) for the 
condensation of methylmagnesium iodide, CH3Mgl, with 7 -methyl-1-
tetralone (CLXV) was followed. Unlike·Barnett and Sanders (75), who 
isolated the intermediate tertiary alcohol, the Grignard-coniplex was 
decomposed with dilute hydrochloric acid at room temperature. The 
i. 
product, which was isolated by distillation in vacuuxn in 87, So/o yield, 
gave positive tests for unsaturation and showed neither a band for a 
hydroxyl group nor a band for conjugated carbonyl in the infrared 
spectrum (Fig. 1), The produc:t analyzed correctly for c 12H 14 and 
gave no precipitate with 2, 4'-dinitrophe;nylhydrazine. 
The infrared spectruxn {Fig. lA)(Neat liquid) of this product 
showed a strong absorption bahd at 12.36 micron which accord:i:ng to 
Bellamy (82} can be ascribed to the CH out of plane deformation 
vibration for a trisubstituted ethylene of the type R 1R 2C = CH.R3 1, 
The infrared ~pectruxn (Fig, lB)(lO. 4o/o carbon tetrachloride solution} 
also exhibits a band at 11. 34 micron and a weak peak at 11.24 micron. 
It also shows a weak absorption at 6. 1 micron. The absorption band at 
11,34 micron is les,s intense than that at 12.36 micron. Moreover, the 
infrared spectrum (Fig. 2B) (11. So/o carbon tetrachloride solution} of 
1, 7 -dimethyl-1, 2, 3, 4-tetrahydronaphthalene (CLXIX} shows a band at 
11,37 micron (which is slightly less intense than the 11.34 micron band 
CLXIX 
of the unsaturated hydrocarbon} and none at 12. 36 (Fig. ,2A)(Neat liquid) 
and 11, 24 microns. 
If the reasonable assumption is made that the above reaction 
1According to Bellamy (82}, the wavelength range which this band is 
exhibited is 11.9 -12.5 microns, 
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proceeds through the resonance -stabilized tertiary carbonium ion 
(CXCII} which is formed in a slow rate-determining step, then there 
is the a priori possibility that either 1, 7 -dimethyl-3, 4-dihydronaphtha-
lene (CLXVIIl} or 1-rriethylene-7 -methyl-1, 2, 3, 4-tetrahydronaphthalene 
(CLXVII} would be formed by the loss of a proton in a second fast step. 
CXCI 
Slow 
----7 
CXCII 
CLXVII 
In the next paragraph, the available spectroscopic evidence is 
discussed first to throw some light on the proportion of each of these 
isomeric hydrocarbons present. 
The presence of the strong band at 12. 3 6 micron s howe that I, 7-
dimethyl-3, 4-dihydronaphthalene (CLXVIIl~ is definitely present in the 
unsaturated hydrocarbon, ~ 2 H14 . · 
There remains then, the question whether !-methylene -7 -methyl-
1, 2, 3, 4-tetrahydronaphthalene (CLXVII) is present or not. .According 
to Bellamy (82} 1 the wavelength range for the CH out of plane deforma-
tion vi):>ration in asymmetric disubsituted ethylene a of the type R1 R 2C = 
CH2, (where R1 and R2 are alkyl groups) is 11. 17-11. 30 microns. 
Either of the two bands at 11.34 micron and 11.24 micron (weak} in 
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the unsaturated hydrocarbon C 1zH 14 may be due to the terminal 
methylene group. However, the presence of a band at 1 L 36 micron 
of somewhat reduced intensity il1the spectrum of l, 7-dimethyl-1, Z, 3,4-
tetrahydronaphthalene (CLXIX) makes it difficult to assign this band to 
the terminal methylene group. On the other hand, the weak peak at 
11. Z4 micron in the ape ctrum of the unsaturated hydrocarbon C 12H 14• 
is absent in that of the tetralin (CLXIX). Consequently, it is more 
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likely that this weak peak at 11.24 micron is due to the terminal methylene 
group. 
Assuming now that the extinction.coefficients at the wavelength 
maxima for the two compounds (CLXVU) and (CLXVIU) are of the 
same order of magnitude, it is reasonable to conclude from the above 
evidence,. that this unsaturated hydrocarbon, C l2Hl4 consists maillly 
of 1, 7 -dimethyl-3, 4-dihydronaphthalene (CLXVIII) and only small 
amounts, if any, of l-methylene-7-methyl-l, 2, 3, 4-tetrahydronaphtha-
lene (CLXVII). 
The above conclusion is in agreement with the observations of 
earlier investigators (71) on this type of reaction. According to 
Jacques and Kagan (71), in general, dehydration of substituted tetralols 
of the type (CXCIU; R = H or OCH3 ) furnishes 3, 4-dihydronaphthalenes 
of the type (CXCIV; R = H or OCH3)'. The predominant formation of 
·cxcm .. CXCIV cxcv 
3, 4-dihydronaJ>hthalenes .(CXCIV) by the dehydration of tetralols 
(CXCIII} may be rationalized in terms of greater thermodynamic 
stability of the more highly subsituted ethylene, namely, the 3, 4-di-
hydronaJ>hthalene (CXCIV) compared to the hydrocarbon (CXCV) where 
the double bond is exocyclic. From a study of the chemical behavior. 
of a number of simple five and six-membered rings containing double 
bonds, Brown, Brewster and Shechter (83) have generalized that exo-
cyclic double bonds in six-membered rings are relatively unstable and 
that reactions will proceed in such a manner as to favor the formation 
or the retention of an endocyclic double bond in six-membered rings. 
Consequently, in the present case, the predominant formation 
1 
of the endo-isomer . (CLXVIII) is expected. The presence of traces 
of the exo-isomer (CLXVII) in the product may be due to an equilibrium 
(between the en.do- and the exo-isomers) which although it favors the 
endo-isomer, still leaves some of the exo-isomer . .Alternatively, the 
rate of formation of the exo-isomer from the carbonium ion may be 
of the same order of magnitude as (or even greater than} that of the 
endo-isomer but due to insufficient time given for equilibriation, some 
of the exo-isomer still persists in the product. 
1 
The terms "exo-isomer" and "endo-isomer" refer to the cyclic , 
compounds where the double bond is exocyclic {outside the ring) and 
endocyclic. (inside'· the ring) respectively. 
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5. 1, 7-Dimethyl-1, 2, 3,4-tetrahydronaphthalene (CLXIX). 
CLXVIII 
+ 
WCH3 
CH2. 
CLXVII 
Pd/C + H2 
CLXIX 
-+-
(major 
product} 
(minor 
product} 
The preparation of r, 7 -dimethyl-!, 2, 3, 4-tetrahydronaphthalene 
(CLXIX} was carried out by the catalytic reduction of the unsaturated 
hydrocarbon, C 12H14, which, as discussed in the previous section, was 
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assumed to contain mainly 1, 7-dimethyl-3, 4-dihydronaphthalene (CLXVIII} 
and only minor amounts, if any, of !-methylene -7 -methyl-1, 2, 3, 4-
tetrahydronaphthalene (CLXVII). A solution ofthe unsaturated hydro-
carbon, C l2H !4 in absolute ethanol was stirred with palladized charcoal 
(10%; previously saturated with hydrogen} in an atmosphere of hydrogen 
at room temperature and at atmospheric pressure. In the procedure 
adopted, the weight of palladized charcoal was about 1/20th of the 
1 
weight of the unsaturated hydrocarbon The absorption of hyd;rogen 
was very rapid and stopped spontaneously when 62. 9% of the calculated 
1 
In three experiments, the ratio of the weight of the hydrocarbon to 
that of the catalyst was increased from 15:1, through 20:1 to 30:1. The 
maximum increase in the. volume of hydrogen absorbed was about 1. So/o. 
volume of hyd;-ogen was absorbed. Addition of more catalyst did not 
lead to the absorption of moTe hydrogen. 
Fractional distillation of the product permitted the isolation of 
three fractions. 
Of these fractions, the one which possessed the lowest boiling 
point {54-56 ° at o. 2 - 0. 25 mm.) and the lowest index of refraction 
25 {nn 1. 5302) was isolated in a yield of 78"/o. As discussed below, 
this fraction proved to be the desired 1, 7 -dimethyl-!, 2, 3, 4-tetrahydro-
naphthalene (CLXIX). 
The fraction having the highest boiling point (55-59 ° at 0. 03 
. 25 
0. 0 l mm.) and the highest index of refraction (n D l. 5954) was 
isolated in a yield of about 14"/o. Some of this fraction was lost as hold-
up liquid in the distilling pot. As discussed below, this fraction proved 
to be l, 7 -dimethylnaphthalene (CLXX). 
The boiling point ~47 -53° at 0. 03 mm.) and the index of refraction 
l. 5408) of the second fraction were intermediate between those 
of the first and the rfii.-.:d:-1 fraction. The yield of this fraction was the 
lowest of the three. This fraction was considered to be a mixture of the 
first and the ClivwCL fractions which were not separated .under the 
conditions employed. 
The third fraction distilled at 248-250° at atmospheric pressure 
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and furnished a yellow picrate derivative which melted at 118-119°. The 
liquid hydrocarbon could be regenerated from the picrate in the usual way. 
The boiling point (248-2500) compared very favorably with the boiling 
point {25PO) of an authentic sample of 1, 7 -dimethylnaphthalene {CLXX) 
prepared by Barnett and Sanders (75). Moreover, the melting point 
(118-119°) of the yellow picrate derivative of this fraction compared 
very favorably with the melting point (120°) of an authentic sample of 
1, 7 -dimethylnaphthalene • 
.Although a direct comparison of the picrate derivative of this 
fr11ction with an authentic sample of the picrate derivative of 1, 7 -di-
methyln:aphthalene was not made, the above evidence indicates that this 
third fraction is, 1, 7 -dimethylnaphthalene (CLXX). · 
The first fraction analyzed correctly for c 12H16 and neither 
gave a test for unsaturation nor formed a picrate derivative. Its 
infrared spectrum (Figs. 2A and 2B) showed no band at either 12.36 
micron or at 11. 24, micron. It showed a band at 11. 36 micron of 
slightly ~educed intensity compared to the 11. 34 micron band of the 
unsaturated hydrocarbon. · 
Aromatization of this fraction with palladized charcoal (lOo/o) 
furnished 1, 7 -dimethylnaphthalene -{CLXX) which was identified by 
forming the picrate derivative (m. p. 118-120°) which did not depress 
the melting point (m. p. 118-119°) of the picrate derivative of the third 
fraction. 
1, 7-Dimethyl-1, 2, 3,4-tetrahydronaphthalene (CLXIX) has been 
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prepared by Mukherjee et al. (84) according to the steps summarized below. 
The first step of the process involved the condensation of toluene (CLXII) 
with the ethyl e.ster of all:ylacetic acid, CH2:CHCH2C H2C02C2H5 to 
furnish .the ester (CXCVI; R = c 2H 5) which is a product of abnormal 
meta-orientation. Saponification of this ester (CXCVI; R = c2 Hs) 
CLXll 
CLXIX 
CH;, 
anhydrou's ~-t3c·V~H Al0l3 :;...- 'cH 
-----? I I 2. 
50 ::-.._ /CH2. 
( Zn/Hg + HCl 
C02.'R. 
CXCVI 
11. Saponi£icatio. n z. PC15 { AlCl3 
CH3 H3~· 
0y 
0 
cxcvn 
furnished the corresponding acid (CXCVI; R =H) which on ring-closure 
furnished the tetralone (CXCVll). This was reduced by the Clemmensen 
method to 1, 7 -dimethyl~!, Z, 3, 4-tetrahydronaphthalene (CLXIX). 
Mukherjee et al. (84) established the structure of the ester 
(CXCVI: R = CzH5) by oxidizing it to the known 1, 3-benzenedicarboxylic 
acid ·(CXCVIII). These authors 'c84} established the structure of 1, 7-
dimethyl-!, Z, 3, 4-tetrahydronaphthalene 'cCLXIX) by aromatization to 
the known 1, 7 -dimethylnaphthalene (CLXX). 
CXCVI CXCVIII 
86 
It must be pointed out that the above mentioned meta-orientation 
in the first step of the above process is in conflict with the observation 
of Colonge and Grimaud (85) who obtained 82% of the expected ester 
(CXCIX) from the same reactants. However, Mukherjee et a:l.(84) used 
CLXIX CLXX 
a larger proportion of anhydrous aluminum chloride than Colonge and 
Grimaud (85). It is possible that this large quantity of anhydrous 
aluminum chloride was responsible for the formation of the abnormal 
product (CXCVI}. 
It should be mentioned that the reported properties of the 
intermediates (CXCVI; R = H) and (CXCVII) were different from those 
of the corresponding intermediates (CLXIV) and (CLXV) of the present 
sY.,thesis leading to the tetralin (CLXIX). 
It has been mentioned that during the catalytic reduction of the 
unsaturated hydrocarbon, c 12H 14. the volume of hydrogen absorbed was 
only 62. 9% of the calculated volume. Yet, the yield of 1, 7 -di;methyl-
1, 2, 3, 4-tetrahydronaphthalene (CLXIX) was 78o/o. This result as well 
as the result that 1, 7-dimethylnaphthalene (CLXX) was isolated from 
the reaction mixture can be explained, if it is assumed that transfer of 
hydrogen between two molecules of 1, 7 -dimethyl-3, 4-dihydronaphtbalene 
(CLXVIII) had .occurred during reduction. 
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Assuming, that the quantity of hydrogen absorbed was used in 
the direct reduction of an equivalent quantity of l, 7-dimethyl-3,4-
dihydronaphthalene (CLXVITI), the rest of which disproportion.ated, 
the number of rrioles each, of 1, 7 -dimethylnaphthalene (CLXX) and 
l, 7 -dimethyl-!, 2, 3, 4-tetrahydronaphthalene (CLXIX) was calculated. 
These figures were compared with the number of moles of each of the 
above· compounds that were isolated. This comparison is listed in 
table VI (page 1119). It was found that the recovery of the tetralin 
(CLXIX) was between 90-95"/o of this calculated amount in three separate 
runs. The recovery of pur·e 1, 7 -dimethylnaphthalene (CLXX) was 75"/o 
in one run, whereas in two other runs, the recoveries of the crude 
hydrocarbon (CLXX) were 75"/o and 100"/o respectively. The low percent 
recovery of 1, 7 -dimethylnaphthalene (CLXX) in two experiments can 
be explained by the fact that part .of it was invariably present in the 
intermediate fract:lon and some was present in the residue in the 
distilling·pot as hold-up liquid which was not further investigated. 
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It is therefore reasonably certain that transfer of hydrogen between 
two molecules took place during the reduction process. The presence of 
small amounts of !-methylene -7 -methyl-1, 2, 3, 4-tetrahydronaphthalene 
(CLXVII) in the unsaturated hydrocarbon C l2Hl4, does not invalidate 
this conclusion. This hydrocarbon (CLXVII) if present, may be directly 
reduced to the tetralin (CLXIX). On the other hand, it is not inconceivable 
that it could have been catalytically converted to the thermodynami-
cally more stable isomer (CLXVIII) and the latter was then reduced with 
hydrogen. However, the possibility of direct reduction to the tetralin (CLXIX) 
is more attractive .. 
A c;onsiderable volume· of reports on:. hydrogen-transfer reactions 
. have been published in the lit<;orature. Wieland {86) first observed that 
at room temperature, dihydronaphthalene {CC) is converted rapidly 
into naphthalene {LXXXV) and tet:ralin {XCI) in the presence of colloidal 
ro (() ro 2 + . /. 
:, . 
cc XCVI LXXXV 
palladium or palladium black. This observation was later confirmed 
by Zelinsky. {87; 88},. Zelinsky ~rid P~wlow (89) as well as by Linstead, 
Michaelis and Thomas (90). More recently, Linstead et al.(91, 92, 93, 
94) published a series of papers on hydrogen-transfer reactions o£ 
various types. Jacque.s and Kagan (71) have also published a paper on 
the disproportionation of various substituted 3, 4-dihydronaphthalenes. 
In order to explain a number of experimental observations, Braude, 
Lin.stead and Mitchell-(92) have· concluded that metal-catalyzed transfer 
of hydrogen (disproportionation) between identical donor and acceptor 
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molecules at moderate temperature is a process in which dehydrogenation 
and hydrogenation take place simultaneously on the surface of the 
catalyst. In other words; direct transfer of hydrogen takes place betwe:en 
the identical donor and acceptor molecules, which are adsorbed on the 
surface of the catalyst. By analogy with the above observations, it is 
suggested that 1, 7-dimethyl-3, 4-dihydronaphthalene {CLXVIII) dispro-
portionated to 1, 7 -dimethylnaphthalene (CLXX} and 11 7 -dimethyl-
I 
. I 
i 
1, 2., 3, 4-tetrahydronaphthalene (CLXIX). 
For obvious reasons; the formation of 20"/o of the unwanted 1, 7-
dimethylnaphthalene (CLXX) in this step is undesirable. However, the 
. . . 
relative .ease' of ·separaUon of the two products (CLXIX) and (CLXX) by 
fractional distillation and the isolation of the desired product (CLXIX) in 
acceptable, a1beit low, yield (78%) has made this step practical. 
However, reduction by chemical means, such as with sodium and 
ethanol might be expected to furnish a better yield of the desired product 
{CLXIX). This method was not tried in the present case. 
6. 2-Acetyl-3, 5-dimethyl~ 5, 6, 7 ,8.-tetrahydronaphthalene (CLXXI). 
CLXIX 
anhydrous 
AlCl3 
cs 2 
As early as 1902, Scharwin (72) observed that under conditions of the 
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Friedel-Crafts reaction, tetralin (XCVI) is acylated with.acetyl chloride 
exclusively at position 6 or 7. Later, Fleischer and Siefert (73) confirmed 
XCVI CCI 
the above observations of Scharwin (72). Fleischer and Siefert {73) also 
1 . 
noticed that acetylation of 6-ethyl-tetralin (CLXXXVII) under conditions 
CLXXXVII CCII 
of the Friedel-Crafts reaction gives exclusively 2-acetyl-3 -ethyl-
5, 6, 7, 8-tetral>.ydronaphthalene (CCII). In 1923, Krollpfeiffer and 
Schl:!fer f44) confirmed th~ above' observations of Scharwin (72) and 
made the additional observation that succinoylation of tetralin (XCVI) 
with succinic anhyflride (LXXVI) furnishes the ketoacid (XCVII). Still 
CH ... 
C~2 H..._ T H2. ()G(c"o 
XCVII 
later Newman and Zahm (49) as w~ll as Arnold and Barnes (74} confirmed 
the above observations of·these earlier investigators. C<lulson (95) 
studied the action of benzoyl chloride, and that of )>-toluyl chloride on 
2, 7-dimethyl-1, 2, 3, 4-tetrahydronaphthalene (CCIII) and demonstrated 
that in each case, the acyl group enters position 6 of 2, 7 -dimethyl-, 
1, 2, 3, 4-tetrahydionaphthalene (CCIII). 
From these experimental results, it is now generally established 
that acylation of tetralin by Friedel-Crafts reaction introduces the acyl 
group at position 6 (or 7}. If one of these positions (6 or 7) is blocked 
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CCIII 
0 H§DCr~:O 
CCIV 
0 
. ~~-oCH3 
H3C~CH3 
CCV 
by an alkyl group, then the acyl group enters ~nto the other position. 
These experimental results may be. rationalized as follows. It is 
generany recognized (96, 97) that the limiting structure (XCVIa} from 
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hyperconjugation has some contribution to the actual state of the molecule 
WE>oo ~·. ~ ·' . /-. H H 0 ete. 
XCVI XCVIa XCV!b 
( ) .e. tc, 
> 
of tetralin. This limiting structure places a negative charge on. position 
6. .Another limiting structure (XCVIb) which places a negative charge on 
position 8 is also conceivable. Consequently, both of these positions 6 and 
8 are expected to be open to attack by electrophilic species. For each of 
the transition states for substitutions at positions 6 and 8, the same 
number of contributing structures could be.written. However, it: 
appears reasonable" to assume that in the tr.ansition state for substitution 
I 
at position 8, there wlll be a greater steric interaction between the bulky 
. COCH3 · groey at position 8 and the methylene group at position 1 than 
that for substitution at position 6.. Moreover; the b~ky COCH3 group at 
positionS. is also expected to interfere with the nearly coplanar geometry 
of the two r;ings which the transition state demands. Because of these 
reasons, it is reasonable to assume that the transition state for 
substitution at position 8 is expected to be of higher energy compared 
to that for substitution at position 6. Consequently, it .is expected 
that acetylation of tetralin would be favored at position 6. If these ideas 
are correct and if these ideas are extended to the case of 1, 7 -dimethyl-
'1, Z, 3, 4-tetrahydronaphthalene (CLXIX), it is found that in this ca11e the 
·transition state for the substitution at position 8 is of higher energy 
because. of the higher steric interaction of the bulky COC:ft3 group and 
the methyl groups at positions 1 and 7. T):le same reasoning advanced 
in the case of tetra1in applies in the case of substitution at position 5. 
Consequently, it would be expected that acetylation of 1, 7 -dimethyl-
1, Z, 3, 4-tetrahydronaphthalene (CLXIX) under conditions of the Friedel-
Crafts reaction would furnish the ketone (CLXXI). 
These earlier experimental observations as well as the above-
mentioned reasonings formed the basis for the decision to condense 1, 7- · 
dimethyl-!, Z, 3, 4-tetrahydronaphthalene (CLXIX) with acetyl chloride 
in presence o£ anhydrous aluminum chloride. 
The general procedure described by Coulson (95) for the acylation 
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of I'Ubstituted tetralins was followed. and modified. In. the procedure 
adopted, a solution of 1, 7 -dimethyl-1, 2, 3, 4-tetrahydronaphthalene 
(CLXIX) in carbon bisulfide was treated with about 1. 2 molar propor-
tiona each, of acetyl chlo:dde and anhydrous aluminum chloride to· give 
2-acetyl-3, 4-dimethyl-5, 6, 7, 8-tetrahydronaphthalene (CLXXI) in 94"/o 
yield. It was noticed that if molar proportions of the reactants were 
used, some unreacted tetralin (CLXIX) was recovered. The yield of 
the ketone was less in these cases (cf. table Vll, page .1.55 ). 
2-.A cetyl-3, 5 -dimethyl-5, 6, 7, 8 -tetrahydronaphthalene (CLXXI) 
was characterized by ·analysis and formation of a 2, 4-dinitrophenyl-
hydrazone which also analyzed correctly. The infrared spectrum 
(Fig. 3.A}(Neat liquid}, (Fig. 3Bf(9. 8% carbon tetrachloride solution) 
o£ the ketone possessed the characteristic absorption band for a conju-
gated carbonyl group at 5. 94 micron. 
Finally, the position of the acetyl group in 2-acetyl-3, 5-dimethyl-
5, 6, 7, 8-tetrahydronaphthalene (CLXXI) was settled by oxidizing this 
ketone with moderately dilute nitric acid solution to furnish 1, 2, 4, 5-
benzenetetracarboxylic acid (CLXXXVIII), which was proved to be 
identical with an authentic sample of the same acid CCLXXXVIII) 
prepared from 1, 2, 4, 5-tetramethylbenzene (CCVI) according to 
standard procedure. .A comprehensive review of the acylation of 
CH3 I 
ocr:::o~ 
CH3 
CLXXI CLXXXVIll CCVI 
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polycyclic hydrocarbons by the Friede1-Crafts reaction b.as been 
published by Gore (98). 
7. 2-Methyl-3-(3 1 , 5 1 -dimethyl-5 1 , 6•; 7 1 1 8• -tetrahydro -2 1 -naphthyl}-
3-butenoic Acid.· (CLXXIV}. 
1. C~CH(Br)COOC2Hs+Zn 
2. 1'2 Os in C6H6 
3. Saponification 
CLXXI CLXXIV 
A comprehensive review of the Reformatsky reaction has been published 
by Shriner (99). More recently, a series of interesting publications 
(100, 101, 102) on the Reformatsky reaction have appeared in the litera-
ture. In these papers, the authors have paid special attention to the 
study of the side. reactiop..s that decrease the yield of the Reformatsky 
product. 
. . . 
The condensation of 2-acetyl-3, 5-dimethyl-5, 6, 7, 8-tetrahydro-
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naphthalene (CLXXI) with· ethyl 2- -bromopropanoate, CHj::H(Br)C02C2Hs 
in presence of metallic zinc according to the Reformatsky reaction was 
performe<l. following the general modified 'procedure first described by 
Bachmann, Cole and Wilds (103) and later extensively used by other 
investigato>:s (10'1, 102). This modified procedure involves the use of a 
large excess of zinc and ethyl 2, -bromopropanoate which are added in 
several installments instead of one as in the conventional procedure. This 
modified procedure was necessary because of the fact that the ketone 
(CLXXI) failed to give practical yields of the unsaturated acid (CLXXIY) 
when the conventional procedure was followed, To illustrate, when a 
mixture of the ketone (CLXXI), ethyl 2- -bromopropanoate and metallic 
zinc-in the molar raticis of·-1:1:1, 1:1:2 and 1:2:2 was refluxed in benzene 
for several hours according to the conventional procedure, and this was 
then followed by dehydration and· saponification, the yield of the acid 
(CLXXIJOvaried between 0 and 5o/o. In all these cases, 90-95"/o cif the 
ketone (CLXXI) was rec~vered, These expedments, where the yield of 
the' desired product was between 0 -5"/o, have not been described in this 
dissertation. 
In the procedure adopted, a solution of the ketone (CLXXI) in 
benzene-ether was .refluxed with a fourfold excess of ethyl :!. -bromo-
propanoate and a sixfold excess .of zinc granules with the addition of a 
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few crystals of iodine. Ethyl 11- -bromopropanoate was added to the 
reaction mixture in two nearly equal installments. Half of the total 
quantity of zlnc was used at the start of the reaction whereas the remainder 
was added in four nearly equal installments, each at an interval of 
forty-five minutes. After decomposing the organometallic complex in 
the usual way, the low-boiling by-products as well as ethyl l1, -bromo-
propanoate, if any, were removed under reduced pressure and on the 
steam bath to furnish a crude viscous residue. When treated with 2, 4-
dinitrophenylhydrazine reagent, this crude residue furnished a negligibly 
small amount of precipitate. Moreover, the infrared spectrum showed 
bands for the ester in the carbonyl region (5. 76 and 5. 83 microns) as well 
as bands for the hydroxyl group (2. 84 micron). On the other hand, the 
band at 5. 94 micron corresponding to the conjugated carbonyl of the 
ketone (CLXXI} was extremely weak. 
From this spectroscopic and chemical evidence, it was assumed 
that the reaction had proceeded in the desired direction. .At this stage, 
the product, namely, the 1 -hydroxyester {CLXXII} was contaminated 
.withvarious unwanted materials including a considerable amotm.t of 
polymeric materials and a small quantity of unreacted ketone (CLXXI}. 
97 
It is now generally conceded that because of their tendency to lose 
water during distillation or saponifiC_ation, the 1 -hydroxyesters or their 
derivatives can sometimes be isolated only with difficulty. Furthermore, 
it was noticed that the 1 -hydroxyester (CLXXll} had a tendency to 
decompose to the starting ketone (CLXXI} o~ attempted purification by 
vacuum distillation at temperatures higher than 100°, Such a behavior 
of J -hydroxyesters is known in the literature (99). In such cases, 
dehydration is recommended in the literature (99}. Following this· 
recommendatio~·. the crude ' -hydroxyester (CLXXll}, which is a 
mixture of dl-isomers; was dehydrated by treatment with phosphorus 
pentoxide in boiling benzene according to Kon and Nargund (104}. The 
resulting unsaturated ester (CLXXIll} was saponified with methanolic 
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potassium hydroxide to the unsaturated acid {CLXXIV). This acid 
(CLXXIV) w~s obtained as a viscous semisolid mass which did not show 
any tendency to solidify; Attempted crystallization of this acid (CLXXIV), 
which is a mixture of Ell-isomers from usual solvents did not give a 
crystalline product. 
The yield of this acid (CLXXIV} was close to BOo/a. The neutral 
equivalent of the acid {CLXXIV) was determined. The values in four" 
different runs were 256,8, 262. 7, 261.7 and 259. 3. These values are 
very close to the theoretical neutral equivalent (258. 4") for a mono-
carboxylic acid of structure (CLXXIV}. 
This acid (CLXXIV) gave positive tests }or unsaturation. 
On the basis of the following spectroscopic evidence, the structure 
(CLXXIV), in which the side chain at position 2 1 is bent away from the 
plane of the aromatic ring is preferred to the alternative structures , " 
(CLXXIVa) and {CLXXIVb). This assignment has not been established 
because of the insufficient experimental evidence. The observed 
ft' 
I , 
CO:z.H 
I 
2 CH-CH3 
•' 3 I "" C:CH:z. 
~ .: 
CLXXIV 
C02 H 
I 
c-cH 
II 3 
('l(YC-CH;, 
~cH3 , CH3 
CLXXIVa CLXXIVb 
ultraviolet spectrum (Fig, 13) of this unsaturated acid {CLXXIV) in 
-5 " 
95o/o ethanol (concentration 3. 5 x 10 moles /liter) shows only one peak 
at 281 millimicron {log 8 3. 13). The spectrum {Fig. 14) of the 
' 
. ' 
' 
' 
' 
-5 
. correspond~ng methyl ester in 95o/o ethanol {concentration 4. 7 x 10, 
moles/liter) shows only one peakat 281 millimicron {log B 3. 23). 
T,he observed infrared spectrum of the acid (CLXXJrV) (Fig. 4) 
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in carbon tetrachloride solution (8o/o) shows a strong peak at 5. 88 micron 
(acid carbonyl) and a peak of medium intensity at 10.97 micron (CH out 
of plane deformation .vibration of a te.rminal methylene group) . The bb-
se~~~d infrared spectrum (Fig, . 5} of the corresponding methyl ester 
( 10. 8"/o carbon tetrachloride. s,;lution) exhibits a·broad ester band at 
5. 76-5.82 microns and a peak of medium intensity at 10.99 micron due 
•'' : . - ·. . 
to a terminal methylene group {CH out of. plane defor~ation vibration}. 
· H _ c/ Co:~.H 
ll 
. . . ·. c-H .~ .. 1'.·.··. vv '·' 
CCVIl' 
CHj 
I 
~C::: CH 2 
~CH 
' 3 
CCIX 
CCVIII 
CCX 
The observed ultraviolet spectrum (Fig. 13) of the unsaturated acid 
{CLXXIV) is different from that (105){Spectrum # 73) of the acid (CCVIl) 
[wavelength maxima 228 millimicron {1og e 4. 3), 235 millimicron 
i 
J 
(log E, 4. 2) and 290 millimicron (log €. 4. 3); 95o/o ethanol ], which is 
assumed as a model for the formulation {CLXXIVa), in which the long 
side chain at position 2' is assumed to be coplanar with the aromatic 
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ring. The observed ultraviolet spectrum of the acid {CLXXIV) is also 
different from that (106) of the compound (CCVlli), [wavelength maximum 
at 247 millimicron (log e 4. 2) and inflexions near 290 millimicron; 
hexane ] , which is chosen as an approximate model for the formulation 
(CLXXIV), in which the long side chain at position 2 1 is coplanar with 
the aromatic ring, The observed ultraviolet spectrum of the acid 
(CLXXIV) resembles somewhat that (105)(Spectrum If 14) of the compound 
(CCX) [wavelength maXima (95o/o ethanol) at 275 millimicron {log €. 3, 2) 
and 285 millimicron (log 8 3. 2)], which is chosen as an admittedly 
imperfect model for the compound (CLXXIV) in which the side chain 
at'position 2 1 is almost at right angles with the plane of the aromatic 
ring • 
.Absence of strong absorption near 220 millimicron characteristic 
for d-} ~unsaturated acids (107) appears to indicate that formulation 
(CLXXIVb) is inadequate. 
The available infrared informations for the acid {CLXXIV) and 
the corresponding methyl ester are equivocal. .According to Bellainy 
(82), the acid carbonyl band (C = 0 s.tre;::tch) for saturated aliphatic acids 
Occurs between 5, 80 and 5, 88 microns and that for conjugated acids 
occurs between 5. 83 and 5, 92 microns, This wide range of absorption is 
due to'various factors, such as, presence of monomeric and dimeric 
f~rms of the acid, nature of solvent, and structural features· in the· 
I 
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immediate vicinity of the carboxyl group. Consequently, it is recognized 
that differentiation between conjugated and nonconjugated acids solely 
on the basis of the position of the acid carbonyl band is not clear-cut. 
Co2 H 
I 
C H-CH!> 
I 
~CH-CH3 
~CH3 CH3 
CLXXV CLXXVlli 
Cl-h. 
/ " CO H CH-CH3 
z I 
~CH-CH:5 
~CH 
CH3 o 
CLXXXII 
The acid carbonyl band of the acid. (CLXXIV) occurs at 5. 88 
micron. This band, according to Bellamy (82), may, therefore be 
either due to a saturated acid or a conjugated acid. However, the 
position of this band is very close to those (5. 87 micron) for the 
saturated acids (CLXXV), (CLXXVill) and (CLXXXII). Consequently, 
it appears reasonable to assume that the 5. 88 micron band is due to a 
saturated acid. However, the position and the intensity of the terminal 
methylene band at 10. 97 micron are rather lower than is usual • 
.According to Bell~my (82), the ester carbonyl band for saturated esters 
occurs between 5. 71 and 5. 76 microns, whereas that for conjugated 
esters occurs between 5. 78 _and 5. 83 microns. The ester carbonyl 
absorption for the methyl ester of the acid (CLXXIV) occurs at 5. 76 
5. 82 microns. It appears to indicate that both conjugated and nonconju-
gated esters are present in this material. However, since the ester was 
obtained only in the impure state, it was considered wise not to 'put too 
much reliance on the infrared information of this compound. More 
"' ~- -.- ------~--
reliance was placed on the ultraviolet evidence than on the infrared 
evidence of the ester, 
If the angle between the side chain at position 2. 1 and the plane of 
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the ~romatic ring is large, the chromophores in the acid {CLXXIV) would 
be isolated and the lack of strong absorption in the near ultraviolet would 
be expected. .A Fischer model of the acid (CLXXIV) shows that steric 
interaction between the· :I.ong side chain at position 2 1 and the ortho-methyl 
group prevents the former from being coplanar with the aromatic ring 
and that this steric interaction is least when this side chain is almost at 
right angles with the plane of the aromatic ring. 
The effect of an ortho-methyl substituent on the pattern of the 
ultraviolet spectrum of the styrene -type chromophore is striking, 
Compound (CCIX) shows no absorption between 220 and 320 millimicrons 
(106, 108). The ortho-methyl group forces the isopropenyl group out of 
the plane of the benzene ring. The characteristic absorption for the 
styrene -type chromophore in the near ultraviolet (cf. the absorption of 
the compound (CCVIll) is thus· absent in the compound (CCIX) • 
It shoUld be pointed out that further experimentation is necessary 
to substantiate or disprove the above suggested formulation (CLXXIV). 
· The lack o£ reactivity of the carbonyl group of the ketone (CLXXI) 
in the Reformatsky reaction is possibly due, both to steric as well as io 
electronic factors. Releas~ of el,ectron by the ortho-methyl group 
decreases the electrophilic reactivity of the carbonyl group. It is 
conceivable that the approach of the bulky organo-metallic complex 
(CCXI), which is expected to be solvated, is hindered to some extent 
by the ortho-methyl group. 
BrZnCH(CH3 ) -COOC 2H 5 
CCXI 
8, 2-Methyl-3-(3• 1 5' -dimethyl-5', 6 1 , 7 1 I 8 1-tetrahydro-2 1-naphthyl)-
butanoic .Acid (CLXXV). 
PtOz /Hz 
ca. 3 atmosphere.? 
zs - z6:o 
C02.H 
I 
CH-:-CH3 I 
~CH-CH::; 
~CH;s 
CH.3 
CLXXV 
It was observed that hydrolj!enation of the mixture of the isomeric 
acids (CLXXIV) in either ethanol or glacial acetic acid in the presence 
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of palladiz"d charcoal at room temperature and at atmospheric pressure 
did not proceed to completion. In either case, the calculated volume of 
hydrogen was not absorbed even though additional quantities of the catalyst 
were used, This observation is in agreement with that of Schwartzman 
and Corson (109) who reported that 2! 6-dimethylstyrene (CCXII) could 
CH:3 
~cH=CH21 
~CH . 3 . 
CCXII 
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riot be hydro!:fenated-at atmospheric p:r'es'sure and at room temperature 
ih the presence of palladized charJoai but it could be hydrugenated in the 
presence of .Adams' platinum catal'yst. Consequently, it was decided to 
use platinum. (IV) oxide for the hydrogenation of the mixture of isomeric 
adds (CLXXIV}. However, at room temperature and at atmospheric 
pressure, the reduction failed to proceed to completion even though an 
excess of platinum (IV) oxide over the recofumended quantity (o. lg. of 
ciatalyst for 0, 1 mole of the unsaturated compound) was used. When the 
reduction was carried out at iricreased pres'sure, as discussed beldw, 
the theoretical volume 'of hydrogen was absoroed whe'n'a large excess 
of the· catalyst ·was used. To illustrate, when the acid (CLXX'IV) (()~ 1 
mole) was hydrogenated at 'rooill temperature and at a pressure of about 
three atmospheres, using·o·;·z6: g; of platinilln (IV} oxide, the absorption 
bf b:yd:rogen stopped after about 3 7% of the· calcul~ted 'volu.:ne of hydrogen 
was absorbed, ,_Two additional portions0(0. Z7· g. -and 0. 52 g.) of the 
ca'ti!.lys·t were 'needed for the absorption of the theoretical quantity of 
hydrogen. 
The' exact ·reasons for the need of tlrls large excess of catalyst are 
nbt known. One of the seve:i:alpossible reasons may be the presence of 
a catalyst poison in tlie reaction· mixture: 
The isomeric 'miii:ture of-tne·•aatura:ted acid (CLXX'V) was purified 
by reprecipitation !rom alkaline sol-lttion by treafment with dilute 
hydrochloric acid solution. Thus p;,r'ified, this saturated acid (CLXXV) 
w'as obta'ihed 'as a viscous semi~olid mass which sblidfried in the icebox 
bbt' b'ecame vi'scous 'again when brought to room temperature. When tested 
with a 5"/o fiO~ution of bromine in carbcm.tetrachloride. according to 
Shriner: Fus,on and Curtin (llO); this saturated acid (CLXXV} failed 
to decolorize bromine instantaneously, On standing for a long time, 
bromi'l1e was sloWly decolorized with the evolution of hydrogen bromide 
formed by substitution~ 
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When tested with a dilute solution of potassiUlll permanganate as 
described by Shriner, Fuson and Curtin {llOt this saturated acid (CLXXV) 
failed to give a positive test for unsaturation. 
The infrared spectrum· {Fig. 6)(11. 6% carbon tetrachloride solution} 
of this saturated acid .(CLXXV) showed a strong band at 5. 87 micron, 
none at 10, 97 micron (absence of terminal methylene group) and only 
a shoulder at 6. 11 micron (absence of unsaturation). 
· This isomeric mixture of acids (CLXXV) was obtained in 95"/o and 
97% yields respectively, in .two separate runs.· The neutral equivalent 
of the acid in these two runs were 2.61, 8 and 2.62.. 3 respectively. The 
calculated neutral equivalent for the acid (CLXXV) is 2.60. 4 • 
. In order to reduce the nUDlber of isomers in the next few stages 
of this synthesis, it was decided to aromatize the alicyclic ring of this 
ahid (CLXXV}. Thi~ decision was also inf1uenced by the expectation 
that the resulting naphthalene derivatives would be easier to obtain·in a 
crystalline form •. This expectation ·was fulfilled. It is generally 
conceded·that in aromatization: reactions, an ester group is much less 
likely to be split pff than a carboxyl group. Consequently, it was 
decided tci aromatize the methyl ester of the acid (CLXXV) instead 
of the a.cid (CLXXV) itself. 
;. ' 
i. 
9. Methyl 2-Methyl-3-(3 1, 5•-dimethyl-5 1 1 6•, 7', 8 1 -tetrahydro-2 1 -
naphthyl)-butanoate {CLXXVI). 
co2.H 
I 
CH-CH:, 
I . 
-~CH-CH_, 
~CH3 CH.3 · 
CLXXV 
CHz'N2/Ether 
CLXXVI 
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.. The esterification of the acid (CLXXV} was carried out with diazomethane. 
A comprehensive review of the synthetic applications of diazo-
methane has l:>een published by Eistert (111). 
The isomeric mixtlire of acid (CLXXV) was treated with e>ecess of 
an ethereal solution of diazomethane in the usuai way and the mixture 
was allowed to .stand in the ·icebo>e overnight. · The product was isolated 
in the way described in the e>eperimental section. The mi>eture of 
isomeric methyl esters (CLXXVI) was obtained in "-· 98o/o yield. In 
. ' . ' \ . .· 
another experiment, the yield of the same product was 94"/o. 
10. 2-Methyl-3-(3 1 , 5•-dimethyl-2'-naphthyl}-butanoic Acid (CLXXVlll). 
The systematic use of sulfur as a reagent for the dehydrogenation 
of hydroaromatic compounds to the aromatic compounds dates back to 
Ruzicka and Meyer (112). Even before that time, Vesterberg (113) had 
used sulfur for the dehydrogenation of rosin. However, the general 
importance of this method was not realized before the work of Ruzicka 
and .Meyer (112). At the present time, dehydrogenation with sulfur is an 
established procedure for the conversion of hydroaromatic compounds 
to the corresponding aromatic compounds •. A comprehen.sive review of 
dehydrogenation with sulfur, seleniuin and the platinum metals has 
been published by Plattner (114). 
C02-CH3 
I 
CH-CH.3 
I s 
co2.c H5 I 
CH-CH~ · 
I 
. ·ocr:·  CH-CH.3 
t" 220 - .260° > 
· C. H-CH3. 
. ....-: . . 
CH:3 CH.3 
CLXXVI 
Saponification 
CH.:3 
CH3 
CLXXV!l 
co2.H I. . 
CH-CH3 
. I . 
QC(:-c~, 
CH3 
. CLXXVIII 
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In the procedure adopted, the mix:ture of isomeric esters (CLXXVI} 
was heated with the calculated quantity of sulfur at an elevated temperature 
for two hours when the evo1ution of )lydro.gen stopped as tested by lead 
acetate paper •. The crude product was. then distilled in vacuum to collect 
all the distillable material.· The resulting distillate was obtained as a 
'dark viscous :mass. This crude product was converted to the. mix:ture 
1 of crude acids by saponification. For further purification, this crude acid 
' 
lwas converted into the corr~spondi:ilg methyl ester by treatment with 
I 
[diazomethane. This crude rilix:ture of esters was then chromatographed 
I 
. I 
·r-
', .. ~. '} '". 
on activated alu:rnina. By careful elution of the column with suitable 
solvents, it
1
was possible to obtain two different ester fractions. 
I 
The cbloring matters that contaminated the crude product stayed 
on top of the column. 
By saponification of one of these ester fractions, an acid was 
obtained as ,a viscous liquid which took a long time to solidify •. This 
acid fraction which is expected to contain one of the two dl-isor;>ers of 
2-methyl-3~{3 1 , 5 1 -dimethyl-2 1 -naphthyl) -butanoic acid (CLXXVIII) was 
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not investigated further. This fraction of the acid constituted a little more 
I 
than half of the total acid obtained from the ester fractions by saponifi-
cation. 
The other ester fraction was saponified to a viscous semisolid acid • 
.After several recrystallizations from a mixture of n-hexane and petroleum 
ether (30-60'0 ) a single racemic form of 2-methyl-3-{3 1, 5•-dimethyl-2'-
' naphthyl) -butanoic acid (CLXXVIII) was isolated in 24. 7% yield. This 
acid melted at 130. 5-132. 5°. 
In two separate runs, instead of saponifying the two different 
ester fractiqns separately, these were combined. .After saponification 
. . I . . 
of this combined ester fractions, the resulting isomeric mixture of acids 
was obtained as a viscous mass. From this mixture, the above pure 
isomer {melting at 130.5-132. 5°) was obtained in 12o/o and 13% yields 
I 
respectively oy fractional crystallization. Further crystallization of· 
I 
the residue furnished only lower melting materials. Thus, it appears 
.I 
that the separation of the above diastereoisomeric esters by chromatography 
gave much better results than separation of the corresponding diastereo-
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isomeric acids by fractiop.al crystallization. 
' ·. . - .. 
'rhe above isomer of d!-2-rnethyl-3 -(3 1, 5 1 -dimethyl-2 1 -naphthyl}-
butanoic acid (CLXXVIII)(meltingi point 130, 5- 132, 5°) was characterized 
by analysis, neutral equivalent, infrared and ultraviolet spectrum.' A 
! 
comparison of the ultraviolet abs'orption spectrum obtained in 95o/o 
ethanol (c£. Fig. 15 and table XIJ) of this acid (CLXXVIII) with that 
of 2, 3, 5-trimethylnaphthalene (c'CXIII) published by Morton and de • 
G;ouveia (115) showo;od much similarity in the pattern -ofthe spectra of 
the two compounds. 
CCXIII 
... -·. I 
The remaining steps {CLXXVIII ~ I.':Il) (c£. Chart 23, page c;s- 6~) 
of the present synthesis were ca~ried out with this single racemic form 
of 2 -methyl-3 ,- (3 ', 5 1 -dimethyl- 2 t -naphthyl) -butanoic acid teL XXVIII) 
which melted at 130.5-132,5°. 
ll. 3-Methyl-4-(3', 5 1 -dimethyl-2 1 -naphthyl)-pentanoic Acid (CLXXXII). 
The conversion of dl-2-me~hyl-3 -(3', 51 -dimethyl-2 1 -naphthyl}-
butanoic acid (CLXXVIII) to the ~om0logous acid (CLXXXII) was performed 
by the Arndt-Eistert synthesis a!:cording to the sequence of steps out-
lined below. The Arndt-Eistert!s,ynthesis is an established method for 
j_ -
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the homologation of a carboxylic acid. A comprehensive review of the 
Arndt-Eistert synthesis has been published by Bachmann and Struve 
(116). A shorter review has been published by Eistert {111). 
SOClz/pyridine 
CLXXVIII CLXXIX 
CHzN 2; ether 
CLXXXI. 
Saponification \ 
CLXXXII 
CO CH N2 I 
fH-CH3 
~CH-CH;, 
~CH3 CH3 · 
CLXXX 
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The procedure adopted 'for the pr'eparation o~ dl-3-methyl-4- · 
(3 1 , 5'-dimethyl-2 1 -naphthyl) ~pentanoic add (CLXXXII) is based on the 
general procedure of Bachmann and Edgerton (117)l The acid chloride 
{CLXXIX) was prepared by allowing a dry ethereal solution of 4. 7 milli-
moles of the acid (CLXXVII]), 15 rnillimoles of purified thionyl chloride 
and four drops of anhydrous pyridine to stand in cold. The resulting 
acid chloride, which was not further purified, was allowed to react with 
a dry ethereal solution of diazomethane (containing 19. 8 millimoles of 
CH2N;?) to furnish the diazoketone (CLXXX}. The rearrangement of the 
noncrystalline diazo ketone (CLXXX)· was aqcomplished in· the usual way 
,. 
by treating a solution of the diazo ketone (CLXXX) in '· : anhydrous 
methanol at 60-700 with a slurry of silver oxide in methanol. The 
resulting methyl 3-methyl-4-(3•, 5•-dimethyl-2•-naphthyl) -pentanoate 
(CLXXXI) was converted, without isolation, into 3 -methyl-4-(3 1 , 5 1 -di-
methyl-2•-naphthyl}-p...,.tanoic acid (CLXXXII} by saponification. The 
yield of the purified product, namely 3-methyl-4-(3 1,5 1 -dimethyl-2 1 -
naphthyl} -pentanoic acid (CLXXXII) was 52"/o. 
In one experiment (c£. table XIU) the diazoketone (CLXXX} was 
rearranged directly to the acid (CLXXXII) by treating the diazoketone in 
dioxane with silver oxide in low yield (13%}. Consequently, in order to 
improve the yield of the acid (CLXXXII), the diazo ketone was rearranged 
to the ester, which was saponified to the corresponding acid, a procedure 
recommended in the literature (116). 
Use of a large excess of thionyl chloride and diazomethane was 
found to be harmful because the yield of the pure product dropped to about 
I. 
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16%. dl-3 ~Methyl-4-(3•, 5•-dimethyl-2 1 -naphthyl) -pentanoic acid 
(CLXXXII) was characterized by analysis; neut:tal equivalent as well as 
the infrared and the ultraviolet spectra. The .fact that this acid CCLXXXII) 
could be cyclized smoothly to the phenanthrene (CLXXXill) is an addi-
tional evidence in support of the structure (CLXXXII). The ultraviolet 
absorption spectrum in 95o/o ethanol {cf. Fig. 16 and table XDl) is 
very similar to that of 2-methyl-3-{3•, 5 1 "dimethyl-2 1 -naphthyl} -butanoic 
acid {CLXXVill) in pattern. 
12 •. 4-0xo-l, 2, 8, 10-tetramethyl-1, 2, 3, 4-tetrahydrophenanthrene (CLxxxm). 
CH2 
/ " CO H CH-CH.3 
2. I 
~CH-e~ anhydrous HF 
~CH3 C.H3 
CLXXXII 
CH3 
CLXXXlll 
In accordance with the general procedui"e described by Johnson (ll8) 
the phenanthrene CCLXXXII!} .was prepared by treatment qf E,he acid 
{CLXXXII} with anhydrous hydrogen fluoride. Johns!"n {ll8} has 
published a review of ring-closure reactions with anhydrous hydrogeh 
fluoride. The use of anhydrous hydrogen fluoride in or.ganic reactions 
has been reviewed by Wiechert {ll9). 
Anhydrous hydrogen fluoride possess.es a number of advantages 
over the more conventional reagents, such as, anhydrous aluminum 
. -· '• 
chloride, stannic chloride or concentrated sulfuric acid for intra-
'· 
molecular cyclizations. The procedure for cyclization with anhydrous 
hydrogen fluoride is simple. The free acid is allowed to stand with an 
excess of anhydrous hydrogen fluoride in an open polyethylene bottle 
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at icebath temperatures for a few hours. The excess acid is then 
evaporated at room temperature. The formation of gummy and tarry 
products is practically negligible. In most cases, the product can be 
crystallized directly after short treatment with aqueous alkali. The 
yield of the pure product obtained by this method is almost always high. 
On the other hand, sulfuric acid often causes sulfonation of the 
naphthalene nucleus and almost al-ways furnishes gummy by-products 
which render it difficult to obtain the main product in a pure form. The 
yield of the pure product is low. Cyclization with anhydrous aluminum 
chloride or stannic chloride is a two step procedure in which the first 
step is the preparation of the acid chloride. Besides, the yield of the 
pure product is not as high as that in the method in which anhydrous 
hydrogen fluoride is used. 
It must be emphasized, however, that hydrogen fluoride is cor-
rosive and toxic. Consequently, it is es13ential to perform any experi-
ment with anhydrous hydrogen fluoride in a well ventilated hood and 
behind a safety-glass shield. Moreover, all precautions mentioned by 
Fieser (120), Johnson (118} as well as by Wiechert (119) must be taken 
before handling hydrogen fluoride. 
In the procedure adopted, the actd (CLXXXII) was treated in an 
open polyethylene bottle with a large excess of anhydrous hydrogen 
fluoride at icebath temperatures for forty-five minutes. After evaporating 
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the excess of the anhydrous hydrogen fluoride, the product was treated 
with alkali. The phenanthrone (CLXXXIII) which remained insoluble was 
ex:tracted with ether. After removal of ether, the residual crude 
phenanthrone (CLXXXID) was purified by crystallization from petroleum 
ether, The best yield of this pure product was 77"/o. 
The phenanthrone (CLXXXIII) was characterized by its orange 
2, 4-dinitrophenylhydrazone. The ultraviolet absorption spectrum in 95"/o 
ethanol (cf. Fig. 17 and table XV1) of 4-oxo-l, 2,8, 10-tetramethyl-
l, 2, 3, 4-tetrahydrophenanthrene {CLXXXIII) was very characteristic 
of 1-acylnaphthalene, as reported by earlier investigators (121}, These 
compounds show three regions of maxima. These max:ima occur at or 
i'round 222, 250-255 and 330-340 millimicrons. The maximum at the 
highest wavelength is generally broad. On the other hand, the 2-acyl-
naphthalenes,. such as {CCXIV} (R = -{CH 2}zCOzH) show absorption 
maKima at or around 255, 290 and :340 millimicrons. The absorption 
CCXIV CCXV 
maxima for 4-oxo-l, 2, 8, 10-tetramethyl'-l, 2, 3, 4-tetrahydrophenanthrene 
(CLXXXID) occur at 220 millimicron (log e 4. 68), 256 millimicron {log€ 
4. 26} and 334-340 millimicrons (broad}{log € 3. 59}. The wave length 
maxima for 4-oxo-6, 7, 10-trimethyl-l, 2, 3, 4-tetrahydrophenanthrene 
(CCXV) published by Carruthers and Gi:ay {121} occur at 222 millimicron 
,, 
I 
(loge 4. 70), 255-260 millhnicrons '(loge 4.17; inflexion) and 330-
340 millimicrons (log e 3. 82). 
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13. 4~Hydroxy-l, 2, 8, 10-tetramethyl-1, 2, 3, 4-tetrahydrophenanthrene 
(cLxxxiV). 
CH3 
CLXXXIII 
CH.3 
CLXXXIV 
The general pr.;cedure described by Nystrom and Brown {122) for 
the reduction of aldehydes with lithium aluminum hydride was followed 
and modified. 
A comprehensive review of the use of lithium aluminum hydride 
has been published by Brown (123). 
A solution of 4-ox:o-1, 2, 8, 10 -tetramethyl-1, 2, 3, 4-tetrahydro-
phenanthrene (CLXXXIII) in anhydrous ether was reflux:ed gently with 
lithium alumin'!lffi hydride for about fourteen hours.· The product, 
is 0lated in the usual way, was obtained as a viscous semisoli.d mass. 
No attempt was made to purifty this product further. When the adppted 
procedure was followed, this phenanthrol (CLXXXIV} was obtaU:..ed in 96o/o 
yield. 
The infr.ired spectrtim (Fig. 10){fil~) of this crude product 
(CLXXXIV) showed. a peak at'3. 0 micron (hydroxyl group} but none at 
5. 98 micron {conjugated carbonyl). When tested with 2, 4-dinitropheny1-
hydrazine reagent, as described by Shriner, Fuson and Curtin (110), 
this phenanthro1 furn:ished no precipitate. 
This crude phenanthrol w;;~s sub~itted to the. action of palladized 
charcoal at elevated temperature. 
14. 1, 7, 8, 9-Tetramethylphenanthrene (I). 
Pd/C 
280- 310° 
CLXXXIV. I 
The general procedure described by Ruzicka and Waldmann (124} for 
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the. dehydrogenation of hydroaromatic compounds with palladized charcoal 
was followed. 
A comprehensive review of dehydrogenation of hydroaromatic 
compounds with sulfur, selenium and platinum metals has been published 
by Plattner (114) •. 
·In the adopted procedure, a mixture of the crude 4-hydroxy-1, 2, 8,10-
tetramethyl-1, 2, '0, '!1-tetrahydrophenanthrene CCLXXXIV) with slightly 
more than half its weight of palladized charcoal (10%) was heated at 
. . . 
280-290° for one hour followed by h~lf an: hour ~t3I0°. The resulting 
crude I, 7, 8, 9-tetramethylphenanthrene. was purified by chromatography 
and the product was c;J;ystallized from methanol when tiny white needles, 
which melted at 108-110.5°, were obtained. This purified 1,7,8,9-tetra-
. ' 
meth.ylphen,anthrene was· obt.ained in 46o/o yield. 
The ove:r,all yield _of 1, 7, 8,,9-tetr~methylphenanthrep.e (I} 
oomput'ed on the basis o£ one isomer .of 2-methyl-3-(3', 5 1 -dimethyl-2 1 -
naphthyl) -butanoic acid (CLXXVIII) was 1. 2%. 
15. Characterization of 1, 7, 8, 9-Tetramethylphenanthrene {I). 
1, 7, 8, 9-Tetramethylphenanthrene {I) was characterized by 
elemental analysis. Moreover, three characteristic derivatives of 
1, 7, 8, 9-tetramethylphenanthrene were prepared. Each of these 
derivatives was analyzed for carbon, hydrogen and nitrogen. 
An analytical sample of the 1, 3, 5-trinitrobenzene derivative of 
1, 7, 8, 9-tetramethylphenanthrene was obtained in the form of bright 
yellow needles which melted at 164-165o. It analyzed correctly for the 
elements present. 
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An analytical sample of the picrate derivative of 1, 7, 8, 9-tetra-
methylphenanthrene was obtained in the form of orange needles which 
melted at 141. 5-142. 5°. This derivative analyzed correctly for carbon, 
hydrogen and nitrogen. 
An analytical sample of the 2, 4/7 -trinitrofluorenone derivative 
of 1, 7, 8, 9-j:);!tramethylphenanthrene was obtained in the form of deep 
orange-red clusters of needles which melted at 166-167°. This deriva-
tive also analyzed correctly for carbon, hydrogen and nitrogen. 
The infra,red absorption spectr= of 1, 7, 8, 9-tetramethylphenan-
threne was obtained in the form of Nujol mull (Fig. llA) and 12% carbon 
tetrachloride solution (Fig. llB). The 'ultraviolet absorption spectrum 
(cf. Fig. 18B and table XIX) of 1, 7, 8, 9-tetramethylphenanthrene was 
obtained in 95"/o ethanol. The pattern of the spectrum is characteristic 
of an alkylsubstituted phenanthrene {31). 
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C. Comparison of Synthetic 1, 7, 8, 9-Tetramethylphenanthrene with 
1, 7, 8, 9-·Tetramethylphenanthrene derived from Cassaine. 
119 
It was mentioned in the i~troduction that the synthesis of 1, 71.8, 9-
tetramethylphenanthrene was essential for the assignment of exact 
position of the carbonyl group in the molecule of cassaic acid (III} which 
is derived from the alkaloid cassaine ,(II}. Cassaic acid (III} was degraded 
by Sherman (12} according to the seque.nce of steps summarized j.n 
Chart~ on page :;o to an alkylphenanthrene,which was expected to be 
1, 7, 8, 9-tetramethylphenanthrene. 
The results of a direct comparison of this authentic sample of 
1, 7, 8, 9-tetramethylphenanthrene with the alkylphenanthrene derived 
from cassaic acid (III), which is derived from cassaine, are given in 
the table below. 
Comparison of Synthetic 1, 7, 8, 9-Tetramethylphenanthrene with l, 7, 8, 9-
Tetramethvlphenanthrene derived from Cassaic .1\ cid 
• 
Compound Derived fro"!]. Mixed! Synthetic Material 
Cassaic .Acid M.P. '-' oncurrent l Melt1ng .1:' o1nt 
Value of ~alytical 
Sample 
.1, 7,8,9- 107-108° 107-109° 108-109.5° 109.5-110.5° 
,Tetramethyl-
tp henanthrene 
Picrate 139.5-140.5° 139.5-1400 140-141° 141.5-142.5° 
TNF 164-166 ° 164-166° 166-168 ° 166-167° 
IT'NB 159-160 ° --- --- 164-165° 
' 
. 
I 
Reported by Sherman (12) 
TNF "'Trinitrofluorenone derivative 
TNB "'Trinitrobenzene derivative 
This direct comparison shows that the alkylphenanthrene derived 
from cassaic acid (ITI} is 1, 7, 8, 9-tetramethylphenanthrene. 
During the course of this investigation, it was lear:O:ed that~ 
Mathieson (13) at the University of London had succeeded in degrading 
cassaic acid (ill) to an alkylphenanthrene which wa1 expected to be 
l, 7, 8, 9-tetramethylphenanthrene. :~all Math~lison (13) followed a route 
slightly different from that followed by Sherman (12}. The authentic 
sample of 1, 7, 8, 9-tetramethylphenanthrene {I) synthesized in this 
laboratory was sent to lillll:t Mathiltson for 'direct comparison. Jiil!5l 
Mathieson t13) very kindly carri~d out a direct comparison of the 
synthetic and degraded material and reported that the synthet~c and the 
degraded hydrocarbons are identical. 
';. 
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·.·. 
I 
D. Conclusions of the Present Research • 
.A rational method for the synthes-is of the new compound 
1, 7, 8, 9-tetramethylphe-nanthrene {I) is reported. 
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Direct comparison in two different laboratories has demonstrated 
that the aromatic hydrocarbon derived from cassaic acid {Ill) in 
accordance with the sequence of steps summarized in6hart 6, page 30, 
as well as by a different route is identical with this authentic sample of 
synthetic 1, 7, 8, 9 -tetramethylphenanthrene (I). Consequently, the 
present synthetic investigation, taken together with the results of 
investigations of earlier and contemporary workers, hq.s made possible 
a demonstration that the ketonic carbonyl group of cassaic acid {III) and 
of cassaine {II) is located at position 9 of the perhydrophenanthrene 
ring e:ystem, as previously suggested, but not proved, by Humber and 
Taylor {7) as well as by Tondeur {11). This research has also 
CH3 
CH3 
flO 
CH3 H3C CH3 
I II 
CH3 
I 
CH COOCH;z.CH2. N 
CH3 
I 
CH_;, 
HO 
H3c 
III 
Ct<3 
cH co._H 
CH3 
demonstrated that during hydrogenation of 1, 7 -dimethyl-3, 4-dihydro-
naphthalene (CLXVIII) over palladized charcoal, a portion of the 1, 7 -di-
methyl-3, 4-dihydronaphthalene {CLXVIII) forms 1, 7 -dimethylnaphthalene 
{CLXX) and 1, 7 -dimethyl-1, 2, 3, 4 -tetrahydronaphthalene {CLXIX) by 
disproportionation. 
'. 
,----·-=.J ______ _ 
.. 
In the course of this investigation, it has been shown that it is 
possible to develop suitable conditions for the Reformatsky reaction 'of 
acetophenones of the type {CLXXXI) with ethyl :t- -bromopropanoate, 
CHJ CH(Br)COzC2H5 so that practical yieids of the desired unsaturated 
acid {CLXXIV) .can be obtained. This unsaturated acid {CLXXIV) can 
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be converted by several steps into 1, 7, 8, 9-tetramethylphenanthrene {I).· 
CLXVIII 
CH 3 I 
r'11Yc"o 
~CH3· 
CH3 · . 
CLXXI 
CLXX CLXIX 
CD2..H 
I 
CH-CH3 
I 
~C=CH2.. 
~CH3 · CH . 
. 3 . 
CLXXIV 
' \ 
' 
E. Suggestions for Further Work. 
It has been mentioned on page 7';, that one of the. racemic forms 
of dl-2-methyl-3-(3 1, S' . ..:dimethyl-2 1-naphthyl)-butanoic acid '(CLXXVIU) 
- ' ' . ' 
was prepared but this isomer was not isolated.i.D. a pure state. It should 
be possible to isolate this: racemic form of the acid (CLXXVITI) in a pure 
C02 H 
I 
CH-CH3 
I 
~CH-CH3 
~CH3 
CH3 .. 
CLXXVTII 
state. Furthermore, it should be. possible to convert this acid 
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(CLXXVTII) to 1, 7, 8, 9-tetramethylphenanthrene (I) following the sequence 
of steps -(CLXXVTII -? ~ , page 65-6}o)used for· the conversion of the 
other d-1-pair of the· acid (CLXXVII1}{whlch was isolated in a pure .state 
_,. 
in this investigation) to I, 7, 8, 9~tetramethylphenanthrene (I). 
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IV. EXPERIMENTAL PART 
Notes on the experimental part. 
1. All melting and boiling points reported in this section are uncorrected, 
unless stated otherwise. The melting points were recorded in open 
capillary tubes, using a Hershberg type melting point apparatus 
containing silicone oil, unless stated otherwise. 
z. The refractive indices were determined using a Zeiss Refracto-
meter. 
3. Ultraviolet absorption spectra were recorded in 95% ethanol, using 
either a Beckman DU Manual or a Beckman DK-1 Automatic Spectro-
photometer, unless stated otherwise. 
4. Infrared spectra were recorded using either a Perkin Elmer Model 
lZC or by using a Perkin Elmer Double Beam Model 21 spectrophoto-
meter. 
5. Microanalyse_s were done by Schwarzkopf Microanalytical Laboratory, 
56-19 37th Ave., Woodside 77, N.Y. Semimicroanalyses were done 
by Dr. Carol K. Fitz, ns Lexington Ave., Needham Heights 94, 
Massachusetts. 
6. Solvents for chromatography, such as, ether, benzene and petroleum 
ether were dried over sodium wire. 
.A. 3-{4'-Methylben:i:oyl)-propanoic .Acid (CLXIII). 
0 
CH -c~· 
2. \ ' 
I /o + 
CH2.- C, . 
. 'o· 
LXXXVI CLXII 
.Anhydrous 
.AlC13 
0 
II 
......... cU CH, . . I • 
I :-.. 
CH,. . · C H;, 
'-.CO H 
2,; . 
CLXIII 
The procedure for the condensation of toluene with succinic anhyd.ri.de 
in the presence of anhydrous aluminum chloride under conditions of 
. . . . 
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the Friedel-Cra;fts reaction was based on that of Barnett and Sanders (75). 
Succinic anhydride (Eastman White Label material, m. p. 118-120° 
was used as received; 350.0g.; 3. 5 moles) was suspended in a mix:ture 
o£ toluene [Baker .Analyzed Reagent was. purified as described by 
Fieser (120}; 322g.; 3:.5 moles] and 1, 2-dichloroethane [Eastman 
White Label material, purified as described by Fieser. {120}; 1. 21.] in 
a S-liter, three-necked, round-bottomed standard taper flask equipped 
with a water-co<>J,ed condenser, a mechanical stirrer and a dry Erlenmeyer 
flask attache~ to the reaction vessel with a :tubber tube as recommended 
by Fieser {120). ;After. stirring for an hour, all of the succinic anh,ydride 
dissolved. The solution was cooled to 0-5° in a bath o£ ice and salt. 
Powdered anhydrous al~inum chlorid~ .(Matheson & Co. pure material 
was used as received; 966g. : 7. 2 moles} was added with sii:rring £r~m · 
the Erlenmeyer flask in .small po;rtions to the mixture in. the reaction 
vessel. Hydrogen chloride was evolved and the mixture warmed up but 
the temperature wa~ kept below 2!P. by.external cooling in a bath of ice 
and salt. After about half the quantity of anhydrous aluminum chloride 
was added, a dark brown pasty solid had separated. The addition of 
anhydrous aluminum chloride was completed in about six hours. The 
dark mixture was stirred at 20" fo.r two hours and it was then heated 
on the steam bath for four hours. The mixture was cooled in a bath of 
ice and salt. Decomposition of the complex by treatment with crushed 
ice (600g.) and ice -cold. concentrated hydrochloric acid ( 1 liter) was 
accompanied by vigorous evolution of hydrogen chloride gas. After 
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the decomposition was complete, the solvent was rer:overed by 
distillation in steam and the hot mixture was poured into a large beaker 
(4 liters). The mixture was diluted with crushed ice (600g.) when a grey 
granular solid separated. Afte;r cooling overnight in the refrigerator, 
the mixture was treated with concentrated hydrochloric acid (10-15 ml.) 
but no more precipitate separated. The solid was collected by filtration 
and the residue was washed with distilled water (1. 5 liters in three 
installments). The residue wa.s sucked dry. The granular residue 
weighed 1. 2kg. This granular solid was coarsely powdered. 
For convenience in handling during purification, this crude product 
was divided into three batc)les each weighing 400g. Each batch of 
crude product ·(400g.) was treated with hot dilute sodium carbonate 
solution (15"/o; 1 liter). This hot solution was separated from the 
insoluble residue by filtration. The residue was washed with hot 
di.stilled water. The combine.d filtrate .and washings were cooled .in ice 
to about 10° and was then acidified with ice -cold concentrated hydro-
chloric acid with stirring. Care was taken to avoid loss by frothing due 
I , 
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to liberation of carbon dioxide, The precipitate formed was collected 
on a BUchner· funnel, and washed with three 100 ml, portions of 
distilled water. The residue was redissolved in hot dilute sodium 
carbonate solution ·(15o/o; 300 ml.) and from this solution after clarifi-
cation with Norit, the ketoacidwas reprecipitated as a white solid by 
acidification with dilute hydrochloric acid as described before. After 
drying overnight in a vacuum desiccator over anhydrous calcium chloride, 
the solid product melted at 100-112°. A total of 605 g. of this partially 
purified ketoacid was obtained from 1200 g. of the crude acid. This 
represents a yield of 90%. 
For further purification, this partially purified keto acid (m. p. 
100-112°; 220 g.) was crystallized from hot benzene ·(Eastman White 
Label, used as received) with the addition of cyclohex:atle (Eastman White 
Label, used as received}. This included treatment of the hot solution 
with Norit, The crystalline flakes were collected (after the mix:ture had 
been setaside at room temperature overnight) by filtration under 
reduced pressure provided by a water aspirator. The residue was washed 
once with 60 ml. of cyclohex:ane and was sucked dry. These crystals 
melted at 124-1270 and weighed 190 g •. A second cfop of 10 g. (m. p; 
124-127°) was obtaine"d from the mother liquor. The purified product 
(ZOO g.} w;ls obtained in 82% yield. This product is perfectly suitable 
for use in the ne1<t. step. lf further. purification is desired, :it can be 
done by recrystallization from a large volume of hot distilled water, 
This secondc:~:ystal:iization furnished glistening white flakes of the acid. 
After drying overnigh~ in a vacuum desiccator over anhydrous calcium 
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chloride, these. crystals melted at 128-131°. The melting point (128-.131°) 
of the purified product in the above experiment compares well with the 
values (127"){76), (129°){75), (124-126°){77), (126-12S0)(78} reported in 
the literature• 
Table I summarizes all of the preparations of 3 -(4 1 -methylbenzoyl)-
propanoic Acid. 
TABLE I. 
Preparations of 3-(4•-Methylbenzoyl)-propanoic Acid. 
Moles of Moles o£ Moles of 3 -(4' -Methylbenzoyl)-
Tolue·ne Succinic Anhydrous propanoic Acid 
Anhydride A1Cl3 Yield Melting Point 
o. 21* Q. 2 0.45 60o/o 128-130° 
1. 1** 1. 0 2.4 70o/o 127-129°. 
3.5*** 3.5 7. 2 82o/o 124-127° 
. ·• ... 
. 
* The procedur.e of Barnett and. Sanders (75) was followed. 
** Nitrobenzene.was used as solvent. 
*** The procedure described was followed. 
B. 4-(4•-Methylphenyl) -butanoic, Acid: {CLXIV). 
0 
/~"0 .. fHa. , :I .·. 
CH,_ . CH3 
'co2.H · 
Zn-Hg/HCl ) . 
CLXIII 
This reaction must be performed under a hood, In accordance with 
the procedure described by Martin. (79), mossy zinc (used as received 
from Matheson, Coleman and Bell Co.; 200 g. ; 3, 1 mole) was treated in 
a 3-liter, standardtaper flask with a solution of mercuric chloride 
(Baker Analyzed; 25 g.; 0, 09 mole} in distilled water (250 ml.) followed 
by concentrated hydrochloric acid (Baker .Analyzed; 15 ml. ). The 
mixture was shaken for about·.20 minutes. The solution was decanted 
and 3-(4•-methylbenzoyl)-propanoic acid (m.p. 124-127°; 100 g.; 0. 52 
mole) was introduced into the flask. The mixture was treated with 
distilled water (188 ml.) and concentrated hydrochloric acid (200 ml, ). 
At first, the mixture was heated gently. under reflux by heating the flask 
with a heating mantle till the evolution of hydrogen became rapid. The 
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heating was then controlled with a Variac in such a way as to keep the 
mixture well-stirred, At the end of every three hours, concentrated hydro-
chloric acid (150 ml.) was added to the reaction mixture till a total of 450 
ml. of the acid had been added. After refluxing the mixture 'for twelve hours, 
the hot mixture was poured into a beake.r. The contents of the flask were 
washed tWice with 20 ml, portions of hot distilled water. About 10 g. of 
amalgamated zinc remained undissolved; The mixture in the beaker was 
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· cooled by adding crushed ice and the solid formed on cooling was collected 
by filtration, The residue was washed with distilled water (600 ml. in 
three installments). 
The combined filtrate and washings were extracted with ether. 
The ethereal extract was washed with distilled water till the aqueous 
washings failed to turn blue litmus red. The main bulk of the solid 
·obtained before, was treated .with this ethereal solution, .A small amount 
of insoluble white residue was removed by filtration and the residue was 
washed with small amounts of dry ether. The combined filtrate and 
washings were dried overnight over anhydrous sodium sulfate. The drying. 
agent was removed by filtration and the ether by distillation from the 
steam bath at atmospheric pressure. The residual dark oily liquid was 
'• 
purified by distillation under reduced pressure supplied by a mechanical 
oil pump. The distilling pot was equipped with a Claisen head. Hot 
water was circulated through the jacket of the condenser to prevent 
solidification of the· product in the condenser. .All of the material distilled 
. in one fraction, boiling at 140-145° (1 mm.) at bath temperatures 190-
Zl<P, and was collected as a clear colorless liquid which gradually 
solidified to yield colorless crystals, which melted at 59-60° and weighed 
82..5,~. The yield of pure product in this ,experiment was 88o/o. 
The melting point (59-60°) of the product fro~ this experiment 
compares well with the values (59°)(75). (59-61 C) (78), (61-62~ {79), 
(60 -61 °)(77) reported in the literature. 
Table II summarizes all of the preparations of 4-(4•-methyl-
phenyl) -butanoic acid. 
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TABLE II 
Preparations of 4-(4• -Methy1phenyl) -butanoic Acid. 
Moles of Moles of Volume 4-(4' -Methy1phenyl)-
4-{4' -Methylbenzoyl)- amalgam- of Cone. butanoic acid 
butanoic acid ated zinc HCl 
Yield Melting point 
0.026 0.076 32.5 ml. 60% 57-59° 
o. 65 3. 0 650 ml. 79"/o 59-60° 
o. 57 3.5 638 ml. 82"/o 59-60° 
o. 92 * 3. 1 650 ml. 88% 59-60° 
* The procedure described was followed. 
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C. 7-Methy.l-1-tetralone (CLXV). 
85% H 2so4 
CLXIV CLXV 
The general procedure described by Barnett and Sanders· (75) was 
followed and modified. 
In a 1-liter, three-necked,. standard taper flask equipped with a 
mechanical s'tirrer and therm~meter,· 4-(4 1 -methylphenyl) -butanoic acid 
(tn. p. 59-60°; 80 g. ; o. 45 ~ole) was treated with cold sulfuric acid (85%; 
360 ml. ). The thermometer was adjusted to dip into the liquid. The 
flask was heated with a heating mantle and the mixture was stirreq. The 
temperature of the liquid was maintained between 900 and 100°. After 
heating johe mixture for two and one half hours, the. da:rk solution was 
. transferred to a'large beake·r. The .solution was cooled in ice and it was 
diluted with crushed ice to approximately 1. 2 liters. The ice cold· 
milrt)lre was. extracted with ether (1. 2 liters in three installments). The 
. . . - . . 
dar\< brown ethereal extract was washed with dilute sodium hydroxide 
solution (5"/o; 300mi. i:(l three installments). The aqueous alkaline solu-
tion furnished no precipitate on acidification. The light-brown ethereal 
solution was washed with distilled water till the aqueous washings failed 
to turn red litmt!S .paper blue. The ethereal extract was dried overnight 
over anhydrous sodium 'sulfate. The drying agent was removed by 
! 
I 
T 
filtration and the residue was washed with dry ether, Ether was 
.removed by distillation from the steam bath under reduced pressure 
provided by the water aspirator. The residual crude liquid was 
distilled from a 300 ml., three -necked flask equipped with a capillary 
tube, an adapter, a water-cooled condenser and a receiver, The 
_ distilling pot was heated by an oil bath. All the material distilled in 
one fraction,[ boiling at 75-80° (0. 1-0.15 mm.) at bath temperatures 
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of 150-170°] which was collected _as a clear colorless <liquid and which 
on cooling in Dry Ic~ for a short period solidified to form crystals. The 
resulting crystals melted at 35-370 and weighed 56.5 g. (78o/o). 
When tested .with 2, 4'-dinitrophenylhydrazine reagent as described 
by Shriner, Fuson and Curtin (110}~ the product (m.p. 35-37°} furnished 
an orange precipitate; The product of the cyclization reaction, which was 
obtained in 78% yield was accepted as pure 7-methyl-1-tetralone. The 
melting point {35-37°) compared well with the values (m.p. 35°f{75), 
(31-33°){!io), (3Z. 5-33, 5~(44) and (35-38°)'{7sy reported in the literature. 
Table _Ill summarizes all of the preparations of 7-methyl-1-tetralone. 
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TABLE III 
Preparations of 7-Methy~-1-tetralone. 
-. . 
. 
Moles of Volume of Time of 7 -Methyl-! ctetralone 
4-(4 1 -Methyl- 85"/o heating 
phenyl) -buta- Sulfuric . in .hours. · 
. 
noic .Acid. .Acid 
. 
Yield Melting Point 
. 
o. 023 .15 ml. 1. 5 45"/o 35-37° 
o. 47 3oo m1. 1.5 7 3"/o 35-37° 
0.45* 350.ml. 
.. 
2. 5 7 6"/o . 35-37° 
I 
. 
0,45* 36q ml. 2, 5 78"/o 35-37°. 
. 
* The procedure described. was f6Uowed • 
. ' ·, 
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D. l, 7 -Dimethyl-3, 4-dihydronaphthalene (CLXVIII). 
CO l, . 2. CH 0 . 3 
CLXV 
dilute HCl 
CLXVIII 
~ ~CH3 CH · · 
.z. 
CLXVII 
The general procedure described by Barnett and Sanders (75) for the 
condensation of 7 -methyl-1-tetralone {CLXV) with methylmagnesium 
. . 
iodide was followed and modified. The organometallic complex was 
decomposed with dilute hydrochloric ~cid wheri an unsaturated hydro~ 
carbon, c 12H14, was obtained • .As discussed on page 80 , this, 
unsaturated hydrocarbon appears to consist mairily o.£ l, 7.-dimethyi-3, 4-
. dihydronaphthalene .{CLXVIII) and orily traces of the hydrocarbon (CLXVII). 
Immed4ltely following is the procedure adopte,d for the preparation of 
1, 7 -dimethyl-3, 4 -dihydrOnaphthalene •· 
The apparatus was dried at 110° before use. In a 2-liter, three-
necked, standard taper flask equipped with a condenser which was 
provided with a side arm for the inlet ·of gas, a Teflon-cover':d magnetic 
stirring bar, a dropping funnel with a pressure-equalizing side tube 
and a stopper, pure magnesium [Dow Chemical Co,; resublimed quality; 
9. 7 g.; 0, 4 mole) was taken, Nitrogen gas freed from traces of oxygen 
by passing through Fieser's solution ·{120) and subsequently purified 
and dried. by passing the gas successively through lead acetate solution, 
. . 
concentrated ~;Julfuric acid, Drierite and .Ascarite was allowed to. sweep 
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'through the apparatus for half an hour during which time, the flask was 
gently heated by a small flame, The flask was cooled under nitrogen 
and the magnesium was covei-ed with ·anhydrous ether·(Merck &: Co., 
anhydrous re·agent,. dried over s'Oditim wire). The flow of nitrogen was 
reduced to a barely perceptible rate and a solution of methyl iodide 
[Eastman White Labelmaterialpurified as described by Fieser (120);. 
59.0 g.; o; 42 mole} .in anhydrous ether (50 inl.) was slowly added from 
the dropping funnel with stirring when the reaction started almost · 
immediately and the solution started to reflux. The remaining portion 
T . 
of the ethereal solution of methyl iodide was added at such a rate as to 
maintain gentle ·.reflux, The. reaction was complete in about two and one 
half hours at the end of which time all.the magnesium had reacted, The 
clear solution of methylmagnesium iodide was then cooled in a bath of 
·ice and salt to 'about 0° and a. solution of redistilled 7 -methyl-1-tet:r.-alone 
. '. _, 
(m. p. 35-37°; 53.0 g.~ 0. 33 mole) In anhydrous ether (70 ml.} was 
added dropwise with stirring to 'the ethereaL solution of methylmagnesium 
. ' ' , . 
iodide. On the addition of each drop of the solution of the ketone, a 
yellowish .solid separated. After the addition was complete, the mixture 
was refluxed for one ·:hour. The mixture was cooled ·in a bath of ice and 
the complex was decomposed by dropwise addition with stirring, of ice-
cold dilute hydrochloric acid solution {1 :l by volume; 100 ml.} followed 
by 50 ml. of concentrated hydrochloric acid. The aqueous acidic layer 
was extracted with ether (300 ml. in three installments). The combined 
ethereal solution which was brown in color was first washed tw.iice with 50 ml. 
portions of distilled ·water and was then washed with dilute sodium 
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thiosulfate solution (10%; 50 ml. in two installment~>) which removed 
the brown color. The separated sodium thiosulfate solution was extract-
ed twice with small quantities of ether. After washing the combined· 
ethereal solution with distilled water, the former was dried overnight 
over anhydrous sodium sulfate. After removing the drying agent by 
filtration, the residue was washed twice· with 20 ml. portions of 
anhydrous ether~ The dombined filtrate and. washings were distilled 
from the steam bath under vacuu~ produced by the water' aspirator to 
obtain a bro~n oil (50~7 g.-).· This crt~de liquid was purified by 
distillation from a standa:J;'d taper flask (150 ml.) through a vacutln;l-
. . . 
jacketed 25cm. Vigreux fractionating column, equipped with a variable 
reflux head, under vacu1,1in provided by· a mechanical oil pump. Only one 
fraction,. boilin~ at 6~-(3° at 0. l-0, 35 mm. and at bath temperatures 
o£ 110-11!:; 0 ~as collected as a clea.r .colorless liquid. This pure product 
weighed 46 g. (8 7o/o yield) and s ?owed an index of refraction , n ~5 1.5663. 
When tested with 2, 4-dinitrophenylhydrazine reagent as described 
by Shriner, Fuson and Curtin -(110), this liquid gave no precipitate. 
When tested, with, _a So/o sol'ution of bromine in carbon tetrachloride 'as 
described by Shriner, Fuson and Curtin {110), this liquid instantan~ously 
decolorized bromine without evolution of hydrogen bromide. 
An analytical sa:rnple boiled at 70~72° (0. 1-0.3 mm.) and showed 
an index of refraction, -n ~S 1. 5662. l 
Analysis 1: 
Found C, 90, 8; H, 9.0. 
1Semimicroanalysis by Dr. Carol K. Fitz, 
i' ~--- .-;:.- ~ -·' -:-
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Wavelength maxima (Neat liquid), 6. l, ll. 24, 11. 34, 12.36 microns 
(Fig. LA). Wavelength maxirrla -(10. 4o/o carbon tetrachloride solution) 
6. l, 11. 24, 11.34 microns (Fig. lB). 
Table IV aummarizes all of the preparations of 1, 7-dimethyl-3, 4-
dihydronaphthalene. The preparations which were done following the 
procedure described, are marked with three asterisks. 
0' 
"' ..... 
TABLE IV 
Preparations of 1, 7 -Dimethyl-3, 4-dihydronaphthalene, 
Moles of Moles of Gram 1, 7 -Dimethyl-3,4-dihydro~ 
7-Methyl- Methyl atoms of naphthalene 
1-tetralone Iodide magnesium 
neld Boiling Index of 
Point Refraction 
. 
o. 313** 0,365 0, 313 81,4% 85-8~ nZ5 1.5662 (0, 7-0, 8mm,} D 
0, 35 ** 0,40 0,356 86. 8"/o 68-73° nZ5 1. 5668 (0, 1-0,35mm,) D ' 
I 
0, 33***. 0,4Z 0,40 87,5% 68-73° nZ5 1,5663 I 
(0, 1-0,35mm,} D 
·1-.-~~-~~ --- ~· ·~· -~ --· -'-- - -- ·_ -
** Some starting material was recovered; 
*** The procedure de-scribed was followe.d, 
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E. 1, 7 -Dimethyl-!, 2, 3, 4-tetrahydronaphthalene (CLXIX}. 
w CH w ~ CH 
CH3 3 CH3 3 
· CLXVIII CLXIX 
Hz 
-t + 
Pd/C 
QCl w I CH 3 ~ CH3 CH2. CH 3 
CLXVII CLXX 
Immediately following is .the procedure adopted for the preparation of 
1, 7 -dimethyl-!, 2, 3, 4-tetrahydronaphthaThne (CLXIX). 
1. Catalytic Reduction o:( 1,7 -Dimethyl-3,4-dihydronaphthalene. 
In a standard taper Erlenmeyer flask, palladium on charcoal 
(used as received from the American Platinum Works, Newark, N.J.; 
lOo/o; 1. 85 g.) was suspended in absolute ethanol (225ni.) which had been 
previously purified by refluxin,g commercial absolute ethanol over 
pellets of potassium hydroxide {Merck reagent) in an atmosphere of 
nitrogen, followed by distillation at atmospheric pressure under nitrogen. 
The mixture was stirred in an atmosphere of hydrogen at room tempera-
ture (24°) and at atmospheric pressure (761. 5 mm.) till the catalyst.and 
the solvent were saturated with hydrogen. In this operation, the volume 
.;f hydrogen absorbed was found to be 55 ml.. 1, 7 -Dimethyl-3, 4-
dihydronaphtha:lene (b.p. S3-84° at 0, 5-0.7 mm.; n ~ 1. 5662; 38.0 g.; 
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0. 24 mole) dissolved in purified absolute ethanol (40 ml.} was added to 
the flask through a side tube and the mixture was stirred in an atmos-
. . 0 
phere of hydrogen at room temperature (24 } and at atmospheric pressure 
(761. 5 mm.). Absorption of hydrogen was rapid. In three and one-
half hours, 3675 ml. of hydrogen were absorbed, after which time, 
absorption of hydrogen stopped spontaneously. The calculated volume of 
hydrogen for complete reduction of one double bond under the above condi-
tiona is 5835 ml ••. The volume of hydrogen actually absorbed (i.e., 
3675 ml.} is 62. 9"/o of the calculated volume. 
The catalyst was rem.;:>ved by filtration and the residue was washed 
with boiling absolute ethanol. The combined filtrate and washings were 
distilled from a steam bath under vacuum produced by the water aspirator. 
The residual pale yellow liquid weighed 38g,. This crude liquid was 
distilled in a vacuum supplied by a mechanical oil pump. The distilling 
pot was equipped with a Claisen head carrying a 25 em. vacuum-jacketed 
Vigreux fractionating column provided with a variable reflux head. The 
distilling pot was heated in an oil bath. The following fractions were 
collected: 
1. B.p. up to 540 {0. 25 mm.} at bath temperatures up to 90°; o. 5 g. 
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""'n 1. 5293; colorless. 
2. B.p. 54-56° (0. 2-0.25 mm.} a.t bath temperatures 95-11Q 0 ; 30.0 g.; 
n~5 1. 5302; colorless. 
3. B.p. 47-53° (0. 03 mm.} at bath temperatures 110-125°; 1.1 g.; 
'Yl~5 1. 5408; colorles·s. 
4. B.p. 55-59° (0. 03-0.01 mm,} at bath temperatures 125-150°; 5.1 g.; 
""'25 
D l. 5954. 
.. ;·. 
The deep brown residual liquid in the distilling pot weighed o. 7 g •• It 
was not further worked up. When a few drops of fraction 2 were tested 
with a 5o/o solution of bromme in carbon tetrachloride, as des.a:ribed by 
Shriner, Fuson and Curtin. (110), the color of bromine persisted for at 
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least ten minutes after which the solution was decolorized with evolution of 
hydrogen bromide • 
.An analytical sample prepared from a different batch distilled 
25 
at 55-57° "(0. 15-0. 18 mm.) and showed an index of refraction, '1\:D 1. 5302 • 
.Analysis1 Calcd. for c 12 H16: C, 89. 94; H, 10.06 
Found C, 90. 2 ; H, 10. 1 
.As described below (cf. section E 3, page ii.5 } , this fraction 
(l. e. fraction 2} on aromatization with palladi'lliil on charcoal furnished 
1, 7 -dimethylnaphthalene. 
From the above evidence, fraction 2 was accepted as 1, 7 -dimethyl-. 
1, 2, 3, 4-tetrahydronaphthalene. In this experiment, the yield of the pure 
product was 78%. 1, 7-Dimethyl-1, 2, 3,4-tetrahydronaphthalene (CLXIX) 
which has been prepared previously by Mukherjee et a1.(84) was reported 
to boil at 100 ° (6 mm. ). These authors established the structure of their 
product by aromatization to 1, 7 -dimethylnaphthalene. 
The infrared spectrum (Fig. 2.A)(Neat liquid) of 1, 7-dimethy1-1,2,3,4-
tetrahydronaphtha1ene possessed no band at 12. 36 micron , 
1
semimicroanalysis by Dr. ·carol K. Fitz •. 
Fraction 1 was considered to be slightly impure 1, 7 -dimethyl-
!, 2, 3, 4-tetrahydronaphthalene. As the quantity of this fraction was 
extremely small, it was not further worked up. 
As described in section 2 below, fraction 4 was identified as 
l, 7 -dimethylnaphthalene. 
Fraction 3 was considered to be a mixture of 1, 7 -dimethylnaph-
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thalene (CLXX) and 1, 7 -dimethyl-!, 2, 3, 4-tetrahydronaphthalene (CLXIX). 
This fraction was not further investigated. 
2. Identification of 1, 7 -Dimethylnaphthalene (CLXX). 
Fraction 4 (b; p. 55-59" at 0. 03-0.01 mm.) distilled at 248-250° 
at atmospheric pressure. The clear and colorless distillate showed an 
index of refraction, n~5 1. 5958. 
Treatment of a solution of this distillate (0. 2 g.) in 95% ethanol 
(1 ml.) in the cold with a saturated solution (5 ml.) of picric acid (Baker 
purified powder; used as recieved; m.p. 122-124°) in 95o/o ethanol, 
furnished a voluminous yellow precipitate. This yellow precipitate was 
collected by filtration under reduced pressure provided by the water 
aspirator, and the residue was washed under suction with small quantities 
of cold anhydrous ether. After being sucked dry, this yellow picrate 
derivative melted at 113-11~. These yellow crystals were washed twice 
with small quantities of anhydrous ether and were then recrystallized once 
from anhydrous ether. After recrystallization, the crystals were 
collected by filtration under reduced pressure provided by the water 
aspirator. The residue was washed under suction once with anhydrous 
.. ' ~ ,> • 
144 
ether (1 ml.) and the residue was sucked dry. Theile crystals melted 
at 118-119°. 
On admixture with a sample of picric acid (m.p. 122-124°), the 
mixture melted between85°and 100°. 
On treatment of a small quantity of the above picrate derivative 
(m. p. 118-119 ) with either dilute ammonium hydroxide solution or with 
dilute sodium carbonate solution, the oily hydrocarbon was regenerated. 
The regenerated hydrocarbon was found to be suspended in the yellow 
aqueous solution in the form of small globules, 
A second batch of the above picrate derivative (m.p. 118-119°; 
0. 6 g.) was dissolved in anhydrous benzene (10 ml.) and the solution was 
chromatographed on a column of activated alumina (Fischer Adsorption 
Alumina; 12 g.). A yellow zone was formed at the top of the column. 
The column was eluted with a mixture 0:1 by volume) of benzene and 
petroleum ether {b. p. 35-60°). The eluate was distilled from the steam 
bath under reduced pressure provided by the water aspirator. The oily 
residue was dissolved in anhydrous benzene (10 ml,) and the solution was 
filtered through a short column of activated alumina, The column was 
washed with 10 ml. of benzene. The combined filtrate and eluate were 
evaporated under reduced pressure under nitrogen. The residual 
colorless oily liquid was dried overnight over anhydrous calcium chloride. 
T.his cle.ar and colorless liquid showed a:n index of refraction, n.~5 
1. 5920. 
The !;>oiling point of fraction 4 (248-250° at atmospheric pressureY 
compares· very favorably with the boiling point {250°) of an authentic 
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sample of 1, 7-dimethylnaphthalene (CLXX) prepared by Barnett and 
Sanders (75) by dehydration of 1, 7 -dimethyl-1-tetralol {CLXVI) followed 
by aromatization of the product with selenium. Furthermore, the 
melting point {118~ll9°) of the yellow picrate derivative of fraction ·4 
compares very favorably with the melting point {120°) of an authentic 
sample of the picrate derivative of 1, 7 -dimethylnaphthalene prepared by 
Barnett and Sanders {75). 
3. Aromatization of 1, 7 -Dimethyl-1, 2, 3, 4-tetrahydronaphthalene •. 
Pd/C 
280-320° 
The general procedu:re described by Vogel (125) for aromatization of 
tetralin was followed. 
In a standard taper pyrex flask e'luipped with a water-cooled 
condenser, 1, 7-dimethyl-1, 2, 3, 4-tetrahydronaphthalene {b.p. 54-56° at 
25 ' 
0, 2-0. 25 mm. ; n 0 1. 5302; 2 g. ; 0,. 13 mole) was mixed with palladium 
on charcoal (lOo/o; 1. 8 g.;'.used as received from the American Platinum 
Works, Newark, N.J.). The flask was heated in a metal bath till the 
temperature of the bath reached 280°. The temperature of the bath was 
then maintained at 280-300° for twelve hours. During heating, there 
was vigorous spattering as the cold condensate from the condenser dropped 
on the hot flask, Afterwards, the temperature of the bath was raised to 
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32:0° and ~he temperature, was maintained between 300-320° for two hours. 
The metal bath was removed ;md the flask was cooled to room tempera-
ture. The contents of the flask were extracted several times with' boiling 
ether. The insoluble residue was removed by filtration under reduced 
pressure provided by an water aspirator and the residue was washed 
wHh small quantities of ether. The combined filtrate and washings were 
dried over anhydrous sodium sullf".ate for four hours. .After removing 
the drying agent by filtration, the residue was washed with small 
quantities of ether, The combined filtrate and the washings were distilled 
from the steam bath under vacuum provided·by the water aspirator •. The 
d<\.rk brown oil (1. 2 g.) was dissolved in petroleum ether (40-60°; 15 ml.) 
and the solution was filtered through a column of activated alumina: (30 g.; 
Fis'¢her .Adsorption .Alumina; used as received). The filtrate was 
v • . . 
. . ' 
preserved. The column of alumina was eluted with approximately 250 ml. · 
of a mixture (1:·1 by volume) of petroleum ether (40-60°) and benzene. 
This .eluate was combined with.the filtrate. Benzene and petroleum ether 
were removed by distillation from the st~am bath to obtain a pale yellow 
liquid which weighed 1. 1 g., 
This pale yellow liquid (0. 5 g.) was dissolved in 95o/o ethanol (6 ml.) 
and the solution was treated in the cold with a saturated solution of picric 
acid {Baker purified powder; m. p. 122-124 °; used as received) in 95o/o 
ethanol. A voluminous canary-yellow precipitate separated immediately. 
The solid :-vas collected by filtration under, reduced pressure provided by 
the water aspirator. The residue was washed with small quantities of 
ether under suction. · After being sucked dry, the yellow solid melted at 
'uo -115°. The yellow solid wa:.r·:ree'rysl:allized twice from ethanol to 
obtain yellow needles which melted at 118-120°, Admixture of this 
material (m.p. 118-120°) with the material (m.p. 118-119") prepared 
from fraction 4 above, resulted in no depression of the melting point 
( 118 -119°). 
Table V summarizes all of the preparations of 1, 7 -dimethyl-
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1, 2, 3, 4-tetrahydronaphthalene. Table VI compares the amounts of 1, 7-
dimethyl-l, 2, 3, 4-tet:rahyd:ronaphthalene (CLXIX) and 1, 7 -dimethylnaph-
. thalene (CLXX) actually isolated with the calculated amounts of these 
hydrocarbons. This calculation was done, as shown below, on the basis 
that the volume of hydrogen absorbed directly had been used for direct 
:reduction of the dihyd:ronaphthalene and that the :remainder of it dis-
proportionated~ The data used a:re from the experiment described in 
the procedure adopted (Expt. # 3, table VI, page !49 ). 
Amount of the tetralin (CLXIX} 
by direct :reduction = 0. 24 x 0. 629 = 0. 1509 mole, 
Amount of the tet:ralin (CLXIX) 
by disp:ropo:rtionation = 0. 0891 x 1/2 = 0. 0446 mole. 
Total of tet:ralin (CLXIX) = 0, 1955 mole. 
Amount of 1, 7 -dimethylnaphthalene 
formed · 0.0891 x 1/2 = 0,0446 mole. 
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TABLE V 
Preparations of 1, 7 -Dimethyl-1, 2, 3, 4-tetrahydronaphthalene, 
. . . 
Moles of Weight of Moles of Moles of 
1, 7 -Dimethyl- catalyst 1, 7 -Dimethyl-!, 2, 3, 4- 1, 7 -Dimethylnaphthalene 
3, 4-dihydro- in grams tetrahydronaphthalene 
naphthalene 
Yield B,P, Index of Yield B,P, Index of 
Refraction Refraction 
. 32 1. 0,019 o. 306 g. 71% 50-51° * n.D 1. 5313 not - --(0, 1 rom,) ascer-
tained 
2, 0, _19 1. 99 g. 74% 70-75°* '11.31 1,5326 21 o/o** 80-90° n. 32 1, 5798 
(0. 5 rom,) D (0. 5 rom,) D 
3,***0, 24 l, 85 g. 78%· 54-56° 25 1. 5302 14o/o 55-59° ""25 1,5954 
'l'l.D 
(0, 2-0.25 =· (0,01-0, 03 D 
rom,) 
4.*** 0, 26 1. 33 g. 77% 64-65° '11. 25 1. 5298 12%** 63-76° '1'\. 25 1.5778 t+ 
(0.2-0.25 D (0. 25-0,35 D 
rom, ) rom,) 
* 
These two fractions were combined and purified by redistillation. The distillate was collected at 55-57° 
(0, 15-0, 18 rom,) and showed an index of refraction '11.15 1. 5302, 
** Not further worked up, 
*** The proced)>re described was followed, 
t+ _,b middle fraction b,p_ 65-6.7°/0. 4~0. 45--rom.;n ~ 1-,-.53 20;-1, 1 g.- was-obtained, 
i 
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T.ABLE VI 
Calculated and Isolated .Amonnts of 1, 7 ~Dimethylnaphthalene and 1, 7 -Dimethyl-1, 2, 3, 4-tetrahydronaphthalene 
' 
I Expt. .A monnt of Ratio of the .Absorption of 1, 7 -Dimethyl-!; 2, 3, 4- . 1, 7 -Dimethyl-
I • 1, 7 -Dimethyl- weights of hydrogen tetrahydronaphthalene naphthalene 
·,;~, 4-dihydro- .:;a tal yst to (% of theoretical) 
' 
naphthalene hydrocarbon Moles Moles ·Moles Moles I 
formed isolated formed isolated1 
(calc d.) (calcd.) j 
. 
-
-. 
- . 
2. 0, 19 mole 
"30,0 g. 
. 
1/15 62.2 o. 154 0.14 0,036 0,039* 
I 
3, 0, 24 mole 
-
:. 38, 0 g. . 1/20 62,9 o. 196 o. 186 0.045 0,033 
4. 0, 26 mole 
=4l,lg. 1/30 63,2 o. 212 o. 2 0, 0~8 0.033* 
,. 
I 
·-
. -
-
* ·crude 
- - ------ -- ~------------------· 
F. 2-.Acetyl~3, 5-dimethyl-5, 6, 7, 8-tetraliydronaphthalene (CLXXI). 
CLXIX 
0 
11 
CH3 cc..e, 
anhydrous .AlC13 
cs2 > 
The general procedure described by Coulson (95) for the acylation of 
tetrahydronaphthalenes was followed and. modified. 
l, Condensation o£ 1, 7 -,Dimethyl..:!, 2, 3, 4-tetrahydronaphthalene with 
Acetyl Ehlonde under cond1hons of the Ji'r1edel-Cratts Reaction. 
This experiment, including the purification o£ reagents, must be 
performed under a hood equipped with an exhl\uSt·fan. .All precautions 
mentioned by Fieser [120) for distilling carbon bis ul£ide must be 
strictly followed, 
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Following the general procedure o£ Coulson (95), redistilled 1, 7-
dimethyl-!, 2, 3, 4-tetrahydronaphthalene (b. p. 64-65° at 0, 4-0,45 mm., 
n~5 1, 5298; 23. 0 g.; 0, 14 mole) was taken in a standard taper three-
necked, round-bottomed flask which was equipped with a mechanic;;1l. 
stirrer, a Dry Ice condenser and a dry Erlenmeyer flask which was 
attached to the reaction £las k with a piece of short rubber tubing as 
described by Fieser (120) • .Acetyl chloride (Merck reagent; 13.4 g.; 
0. 17 mole) purified by distillation from calcium carbonate, was intro-
duced into the reaction vessel. The reaction flask was cooled to about 
0° in a bath o£ ice and salt and carbon bisulfide (Merck technical grade; 
150 ml.) purified by distillation over phosphorus pentoxide was added, 
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The mixture was stirred mechanically and powdered anhydrous aluminum 
chloride {Merck reagent; used as received; 22, 7 g.; 0, 17 mole} was 
added in small portions from the Er~enmeyer flask. During addition of 
a~hydrous aluminum chloride, the temperature of the reaction vessel 
was k~pt below 10° by e'f'ternal cooling in a bath of ice and salt. The 
m~xture of reactants turned. yello1"7 at first and became dark-brown with 
the progress of the reaction. After completion of the addition of 
anhydrous aluminum chloride in about an hour, the mixture was allowed 
to warm up to room ternperatur~ {230) and. it was stirred mechanically 
for three hours at room temperature. The dark brown reaction mixture 
was refluxed on a hot water bath (60-80°} for an hour. The reaction 
vessel was cooled to about 5° in a bath of ice and salt and the dark-red 
reaction mixture was decomposed by treatment with crushed ice (200 g.) 
and ice -cold concentrated hydrochloric acid (100 ml.} when hydrogen 
chloride gas was evolved vigorously. After stirring the mixture for half 
an hour, carbon bisulfide was recovered by distillation by heating the 
reaction flask in a hot water bath (60 -80°). The residual mixture in the 
reaction vessel was extracted with ether (300 ml, in three installments). 
The bro)Vn ethereal extract was washed with dilute sodium hydroxide 
solution (5o/o; 60 ml, in three installments) when most of the brown color 
of the ethereal solution was removed. Tbis pale yellow ethereal extract 
was washed with distilled water till the aqueous washings failed to turn 
red litmus paper blue. After drying this ethereal solution overnight over 
anhydrous sodium sulfate, the drying agent was removed by filtration. 
The residue was washed with small amounts of anhydrous ether. The 
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combined -filtrate and washings were distilled from the steam bath under 
vacuum produced by the water aspirator. The residual dark viscous 
liquid weighed 32. g. This liquid was purified by distillation through a 
vaeuuni-jacketed Vigreux fractionating column {25 em.) equipped with a 
variable reflux head, under vacuum supplied by a mechanical oil pump. 
The distilling pot was heated by an oil bath. The following fractions 
were collected. 
1. B. p. up to 115° (0. 2-0. 3 mm.) at bath temperatures up to 170°; 
25 o. 5 g.; nD 1. 5508. 
2. B.p. 114-117° (0.1-0. 25 mm.) at bath temperatures 170-190°; 
25 26. 7 g. J 'l'l[, 1. 5510. 
The dark and viscous residue (5 g.) remaining in the distilling flask 
was not further worked up. When tested with 2, 4-dinitropheny1hydrazine 
reagent as described by_ Shriner, Fuson and Curtin (110), fraction 2 
furnished an immediate or~ge, precipitate . 
.An analytical sample of 2-acetyl-3, 5-dimethyl-5, 6, 7, 8 -tetrahydro-
naphthalene (b.p. 115-117° at 0. 05-0.1 mm.) showed an index of 
refraction, n ~5 1. 5514. 
Analysis 1: ·Calc d. for C 14H180 
Found 
C, 83.12; H, 8. 97 
C, 83.0; H, 9. 0 
Fraction 2 showed a strong absorption maximum at 5. 94 micron in the 
1 Semimicroana1ysis by Dr. Carol K. Fitz. 
infrared spectrum which is characteristic of a conjugated ketonic 
carbonyl group. 
From the analytical data, _physical and chemical properties, 
·fraction 2 was accepted as pure Z-acetyl-3, 5-di:inethyl-5, 6, 7, 8-tetra-
hydronaphthalene •. The yield of this· pure product in this experiment is 
94%. 
Fraction 1 was taken to be slighly impure 2-acetyl-3, 5 -dimethyl-
5, 6, 7, 8-tetrahydronaphthalene. As the amrunt of this fraction was 
negligible, it was not further investigated. · 
2. 2, 4-Dinitrophenylhydrazone of 2-Acetyl-3, 5-dimethyl-5, 6, 7, 8~ 
tetr ah ydr onap hthalene, · · 
The 2, 4-dinitrophenylhydrazone of 2-acetyl-3, 5-dimethyl-
5, 6, 7, 8-tetrahydronaphthalene was prepared accorc;ling to the general 
. ' 
procedure described by Shrin~r, Fuson and Curtin (110). A solution of 
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2-acetyl-3, 5-dimethyl-5, 6, 7, 8-tetrahydronaphthalene (b. p. 113 -i 15° at 
. . 25 
O. 15-0. 2 mm.; 'ltD l. 5514; 314 mg.; 1. 5 millimole) in 95o/o ethanol 
(10 ml.) was treated in the cold with a solution (8 ml.) of 2, 4-dinit.ro-
phenylhydrazine reagent ; prepared accorcllllg to the directions given 
by Shrine;, Fuson _and Curtin (110) by dissolving 2, 4-dinitrophenyl- · 
hydrazine (Eastman White Label; 0~ 8 g.) in 4 ml. of concentrated 
sulfuric acid, 6 ml. of disti1led water and 20 ml. of 95% ethanol •. An 
orange .precipitate separated ;immediately .. The mixture was warmed on 
the steam bath for. a Jew minutes. The precipitated solid was collected 
by fi1tration and washed several times, with distilled water and then with a 
few drops of ethanol. After one crystallization from a mixture of absolute 
I 
i 
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alcohol and ethyl acetate, the orange-red ne~dles melted at 155-157°. 
An analytical sample was prepared by recrystallizing the orange-
red needles. (m. p. 155-157°) twice :fr.'?m absolute ethanol. The analyti-
cal sample of 2, 4:ditritrophenylhydrazone of 2-acetyl-3, 5-dimethyl-
5, 6, 7, 8-tetrahydrori.aphthalene was obtained as orange -red needles, 
which melted sharply at 155-156°. 
Analysis 1 Calcd. for c 20H 22o4N4 : G, 62; 81; H, 5. 80; N, 14.65 
Found C, 62.8 ; H, 5. 7 ; N, 14. 7 
The infrared absorption spectrum of 2-acetyl~3, 5-dimethyl-5, 6, 7,8-
tetrahydronaJ?htlia1ene [ (Fig. 3A)(Neat liquid) and (Fig. 3B)(9. 8% 
carbon tetrachloride solution) J shows a strong maximum at 5. 94 micron 
characteristic of .a conjugated carbonyl group. 
The ultraviolet absorption spectrum (Fig. 12) of 2-acetyl-3, 5-
. . 5 ' dimethyl-5, 6, 7, 8-tetrahydronaphthalene (3. 5 x 10- moles/liter of 95% 
ethanol) shows the following wave length maxima: 216 millimicron 
(log 8 4. 37), 256 millimicron (log 8- 4. 06} and 299 millimicron (log a 
3. 28}. 
Table Vll summarizes all of the preparations of 2-acetyl-3, 5-
dimethyl-5, 6, 7, 8-tetrahydronaphtha1ene. 
1 Seroimicroanalys:ls by Dr. Carol K. Fitz, 
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TABLE Vll 
·' 
Preparations of 2-A cety1-3, 5-dimethyl-5, 6, 7, 8 -tetrahydronaphthalene 
·. 
. 
I. 
Moles of Moles of . Mole:s o£ ·' 2-Acetylc3, 5-dimethyl- . 
i, 7 -Dimethyl- Acetyl anhydrous 5;' 6, 7' 8-tetrahydronaphtha-
1, 2, 3, 4-tetra:- Chloride .Aluminum lene. 
l;tydronaphtha- Chloride 
. 
lene " . Yield Boiling Index of 
Point Refraction 
' 
0.04 ·. o. 04 0.04 7 9"/~ 107-113° 'I'L 28 1. 5502 
(0. 1-0. 15 D i 
I 
mm.) I 
fl' (). 09 0.09 0.09 7 6"/o 112-ll6° 'Y1,. 2 7 1.5513 
. (0. 1-0. 2 D 
mm.) 
*f*Q. 19. o. 21 o. 21 86% 100-104° 25 1.5514 '"-n 
i (0. 05-0. 0 
mm,) 
**~q.14 o. 17 o. 17 94% 114-117° . 25 1.5514 'l'l.D 
(0.25-0.1 
mm.) 
' 
'* Unreacted starting ketone (1. 5 g., 0. 0074 mole) recovered. 
** Unreated starting ketone {3. 5 g., 0. 0173 mole) recovered, 
*** The procedure described was followed. 
3. Oxidation of 2~.Acetyl-3, 5-dimethyl-1, 2; 3, 4-tetrahydronaphthalene 
to 1, 2, 4, 5-Benzenetetracarboxylic .Acid (Pyromellitic .Acid). 
CH3 
I 
. c~ ... o . 
. 
GH3 CH:; .. ·. 
CLXXJ 
Nitdc Acid > sealed tube 
CLXXXVIJI 
. . 
,. • .• • .•• , , I 
This experiment must be performed in a hood provided with shock-
' resistant explosion:proof walls a;nd glass door. The dimensions of the 
Carius. tube as well as the quantities of the reactants mentioned in this 
expe·riment are critical. Smaller tubes and/or larger amounts of 
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materials may lead to explosion .• Before opening the tube, the entire 
bottom hal£ of the tUbe must be cooled thoroughly in liquid nitrogen~ The 
operator must wear protecting shield and thick rubber gloves. 
Following the general procedure of Philippi, Seka and Froeschl 
(126), a mixture.of 2-acetyl-3~ 5-dimethyl-5, 6, 7, 8-tetrahydronaphthalene 
(b.p. ll2-116° at O.l-0. 2 mm.; '11.~7 1.5513; 596 mg.; 2. 9=illimole) 
and dilute nitric acid (52"/o; 3. 8 inl.) was tak¢n in a Carius tube { 60 em. x 
2 em.) which was sealed in the usual way. The tube was placed in fin 
electrically heated tube furnace and the temperature of the furnace ,was 
. slowly raised to about 200° .. The temperature of the inside of the 
furnace was measured with a copper-constantan thermocouple and a 
potentiometer, The temperature of the furnace was maintained between 
200-210° for· eight hours.· The furnace was cooled, the tube was allowed 
to stand at room temperature overnight. The bottom 10 inches. of the tube 
.! '' 
was cooled in Dry Ice a:o.d acetone bath for about an. hour and the tube 
was opened by making a file mark around the sealed part and by press-
' ing an inc.andescent glass rod against the file -mark. The seal was' 
broken with a loud report. The mixture of..white solid and liquid was 
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transferred to a beaker with the help of some distilled water. The mixture 
was heated on the steam bat\1 to furnish a clear solution. Excess qf 
nitric acid was removed on the steam bath. The residual gummy solid 
(600 mg.; 8lo/o of the calculated yield) was crystallized from distilled 
water after treatment with Norit. The pale yellow crystals melted at 
255-265° qn the Fisher melting point block and weighed 450 mg. Re-
crystallization of this material from distilled water after treatment with 
Norit furnished white prisms. This product dissolves readily in cold 
dilute sodium bicarbonate solution (5o/o). After drying at 105° in a drying 
oven for two hours, the crystals melted at 270-271° on the Fisher melting 
point block. The melting point of the same product dried at 1050 
recorded in a Hershberg melting point apparatus is 262-264°. The liquid 
solidifies on cooling and remelts at 274-276°. The melting point (262-
2640) which varied with the rate of heating was determined by immersing 
the product (dried 1 at 105° in a drying oven for two hours) at room 
temperature, heating rapidly to within 10° of the melting point and then at 
the rate of 40 per minute. 
The melting point of hydrated 1, 2, 4, 5-benzenetetracarboxylic 
1 . 
Before determining the melting point of pyromellitic acid, a sample 
must be dried at 105° to constant weight. This takes two hours app:roxi-
mate1y. Otherwise, erratic melting points are observed. Tile· pro(iuct 
after drying at 105° corresponds to the composition C 1oH608• 2H2o. 
acid (pyromellitic acid, C 10H608• 2H 20) recorded in the literature (127) 
is 271° (corrected) ~d 262o (uncorrected). Philippi et al.(l26) report 
that the acid crystallized. from water melts at 264°. 
The melting point of a mixture of this product (m. p. 262- 264?) 
with authentic 1, 2,4, 5~benzenetetracarboxylic acid (C1oH608• 2H20 
m. p. 264-266°, solidifying on cooling and remelted at 273-275°), 
prepared as described below was 264~266? The liquid solidified and 
remelted at 278-279°. 
4. Oxidation of 1, 2, 4, 5-Tetramethylbenzene (Durene) to 1, 2, 4, 5-
Benzenetetracarboxylic .Acid (Pyromellitic .A cidJ. 
1, HN03 
2. alkaline KMN04 
CCVI CLXXXVTII 
The preparation of a sample of crude 1, 2, 4, 5-benzenetetracarboxylic 
acid (pyromellitic acid) was performed according to the procedure 
described by Jacobsen (128). The purification of this crude acid was 
done according to the procedure described by Mills (129). 
·1,2,4,5-Tetramethylbenzene (Durene)(m.p. 77-790; used as 
received from Matheson and Co.; 2 g. ; 15 millimole} was heated under 
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reflux with a mixture of concentrated nitric acid (5 ml;) and distilled, 
water (2. 5 ml.) for six hours when there was a vigorous evolution of · 
brown fumes, .After six hours, an additional quantity of nitric acid (5 ml.} 
and distilled water (2. S 'rn1.) was added and the mixture was refluxed 
for four hours. The resulting gUinmy solid was collected by filtration 
1S9 
and washed under suction with distilled water. The residue was dissolved 
in hot dilute potassiUin carbonate solution (lOo/o; 2S ml. ). This deep red 
alkaline solution was heated on ,the steam bath with dilute potassiUin 
permanganate solution (S%; SO rnl.) for one and one -hal£ hours when the 
color of permanganate was discharged and a reddish brown precipitate of 
manganese dioxide separated. The mixture was further heated for six 
hours on the steam bath with an additional volume (SO ml,) of S% 
potassium permanganate solution. .At the end of this period, the mixture 
was heated on the steam bath for another ten hours with an additional 
volUine (SO rnl.) of the same permanganate sclution. Finally, the mixture' 
was boiled with continuous stirring for two hours, The pink color of the 
permanganate persisted. The residue was removed by filtration and it 
was washed well with hot distilled water, The combined filtrate and 
washings were de colorized by heating on the steam bath with excess 
absolute alcohol (12S rnl. ). .After boiling for about ten minutes, the 
precipitate was removed by filtration and the residue was Wbshed with 
distilled water. The combined filtrate and washings were concentrated 
to about, SO rnl. Some insoluble solid separated on cooling this solution. 
The mixture was acidified with acetic acid (pH 6; Hydrion paper .A). 
This mixture was heated and the insoluble residue was removed by 
filtration; The combined filtrate and washings were boiled and the hot 
solution was treated with a hot solution (10%) of bariUin ,chloride till no 
more white solid 'separated;, .Addition of excess bari= chloride was 
i 
avoided. The white precipitate was collected by filtration and washed 
well with distilled water. .After being sucked dry, the product weighed 
6 g. 
.A solution of this barimn salt (4 g.) in hot dilute hydrochloric 
acid (3 N; 25 ml.) was treated with.hot dilute sulfuric acid ( 3 N; 8, ml.) 
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till formation of whiteprecipitate stopped. The precipitated solid was 
·removed by filtration and the. residue was washed with a small qua:ntity . 
of distilled water, The combined filtrate and washings were evaporated 
to about 10 m1; ~>n tli": ste,am bath 'when crystals began to separate. 
The rnixtur~ was ~~oled in' anice box ov~rnight. The glistening crystals 
were collected by !iltration a;nd was)le<:l under suction with a :few drops.· 
of distilled wate:r. .Afte,r recrystallization from hot distilled water 
(including treatment with No.rit), the prisms were sucked dry. After 
. . 
drying at 105° i.na'drying .;;.en for two hours, these crystals meltedl at 
264-266°. The liquid ~;olidified and remelted at 273-275°. 
The melting point of the p:rodud. dried at 120° according to 
Jacobsen .(128) was 265-268°. The.liquid resolidifed on aooling of the 
solid was found to rem~lt at ~68°, The melting points of. hydrated .1, 2, 4, 5-
bel1zenetetracarboxylic <:cid {C 1oH608• 2Hz')) obtained by drying at 105° 
. recorded in the literature (127) are 262° (uncorre~ted) and 271 o (corrected), 
The melting point of the. anhydrous acid recoltled in the literature (127) 
is 27 5°. 
1 
The melting point was determined in a Hershberg apparatus by 
immersing at room temperature and heating rapidly to within 10° of the 
melting point and then at the rate of about 40 per minute. 
i 
G. 2-Methy1-3-.(3', 5•-dirnethyl-5', 6 1 1 7 1 , 8• -tetrahydro-2' -naphthyl)-
3-butenoic Acid. (CLXXIV). . 
1. CE3CH(Br)COOCzHs+Zn. 
2, :t=z o5 in C6H6 
3. Saponification 
CLXXIV 
Condensation of 2-acetyl-3, 5-dimethyl-5, 6, 7, 8-tetrahydronaphthalene 
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with ethyl :1- -bromopropanoate under conditions of the Reformatsky 
reaction was carried out following the general.procedure of the Reformat-
sky reaction described by Bachmann et a1 (103), This procedure has 
been modified in the present case • 
. Purification of Zinc. 
Granular zinc (Baker Analyzed; 20 mesh; 25 g. ; 0. 4 mole) was 
stirred for twenty minutes with dilute hydrochloric acid solution (5o/o; 
30 ml, ). The acid was decanted and the residue was stirred for three· 
minutes with concentrated hydrochloric acid (4 ml. ). After decanting the 
acid solution, the residue was washed successively with distilled water 
(90 ml~ in three installments), acetone (Baker Analyzed; 40 ml. in three 
installments) and anhydrous ether (Baker Analyzed; dried over sodium 
wire;40ml, in two installments). · The residue was dried in a vacuum oven 
at 1100 for a 'short time and was used immediately. 
The apparatus was dried. at 100° before use • 
. The apparatus consists of a standard taper, three-necked, round-
162 
bottomed. flask (300 ml.) equipped with a Dry Ice condenser, a pressure-
equalizing dropping funnel, a stopper and a magnetic stirring bar. 
After assembling the apparatus, it was flushed with dry nitrogen. Puri-
fied granules of zinc (8.0 g.; 0.12 mole) were suspended in a mixture of 
anhydrous ether (Baker Analyzed Reagent was dried over· sodium wire; 
· 25 _ml.) and anhydrous benzene (Eastman White Label, thiophene-free 
material was dried over sodium )Vlre; 15 rul.} •. Redistilled 2-acetyl-3, 5-
dimethyl-5, 6, 7, 8-tetrahydronaphthalene (b.p. 114-1170 at 0. 1-0.25 mm.; 
n ~5 1. 5514; 7. 95 ~· ; 0~ 04 mole) and ethyl 2, -bromopropanoate 
(Eastman White Label material was dried over anhydrous sodium sulfate 
and was distilled under reduced pressure; 15.8 g.; 0. 09 mole) were 
introduced into the' reaction vessel. After adding 200 mg. of iodine, the 
mixture was heated with stirring.·. After about 10 minutes, the color of 
iodine faded and the inixture started to reflux vigorously. Heating was 
stopped at this· stage but the refluxing continued. When the refluxing 
stopped, the mixture- was heated till gentle refluxing started. An addi-
tional quantity of purified granules of zinc (B. 0 g.; 0.12 mole) and a few 
crystals of iodine were added in four installments, each of which was 
added at an interval of forty minutes. After two hours from the start of 
the reaction, an additional quantity of purified ethyl 2 -bromopropanoate 
(15, 0 g.; 0. 08 mole) was introduced into the reaction vessel. After heating 
the mixture for four hours, the chilled (0 -5°) reaction mixture was decom-
posed with ice-cold hydrochloric acid solution (5"/o; 150 ml, ). The unreacted 
zinc 1 was removed by filtration. After washing with small portions of 
lunder these conditions aa noted by Newman {100) .and .confirmed here, 
zinc reacts with the acid very slowly. 
benzene, the dried u.nreacted zinc weighed 6 g. (0. 1 mole). 
The aqueous acidic 1ayer was extracted with benzene (60 ml. in 
three installments). The combined benzene-ether solution was washed 
with dilute ammo.nium hydroxide solution (10"/o; 60 ml. in three install-
ments). .After washing the organic layer a·uccessively with distilled 
~ater (40 ml. in two installments), dilute. sodium thiosulfate solution 
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(10"/o; 20 ml. in two installments) and distilled water (30 .ml. in two 
installments), the benzene -ether layer was dried overnight over anhydrous 
sodium sulfate. ·The drying agent was removed by filtration and th;e 
solvent by distillation from the steam bath; at atmospheric pressure. The 
residue was distilled £rom the steam bath under reduced pressure (3-4 
mm.) to remove low~boiling by-products which were collected ina 
receiver cooled in Dry Ice and.acetone; The viscous deep brown residue 
weighed 18. 9 g. 
When tested with 2, 4-dini.trophe~ylhydrazine reagent, as described 
by Shriner, Fuson and Curtin (110), this residue furnished a negligibly 
small amount of precipitate. 
The infrared spectrum of this crude liquid showed absorption ·maxima 
at 2. 84 micron {hydroxyl group), 5 .. 76 micron and 5. 83 micron (ester· 
carbonyl). 
There was a very weak absorption band at 5. 95 micron (conjugated 
carbonyl). 
This crude P;t"oduct namely, the hydroxyestel." (which was obviously 
highly ill'lpure because the theoretical yield corresponds to 12.16 g. of 
hydroxy ester) was dehydrated with phosphorus·pentoxide as. described 
below. In accordance with the procedure o£ Kon and Nargund (104), a 
solution o£ the crude hydroxyester "(18. 0 g.) in anhydrous benzene (25 
nll.) was refluxed on the steam bath for two hours with phosphorus 
pentoxide (Fisher Scientific Co.; 6.'o g.; 0. 05 mole) in a flask equippo:d 
with a condenser carrying a guard tube containing Drierite at the top<.'. 
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The brown solution was filtered ap.d the residue was washed with anhydrous 
benzep.e (20 ml. iP. two installments). A solutioP. of this residue in 
distilled water was extracted with ether {60 nll. in three iP.staUments). 
T.he combined ether-benzep.e extract was washed with dilute ammonium 
hydroxide solutioP. {lOo/o; 20 nll. in two installments). ,After washing this 
solution with distilled water, the organic layer was dried over anhydrous 
sqdium sulfate. The drying agent was removed by filtration and the 
solvents by distillation under reduced pressure (water aspirato:t") to 
obtain a yellow viscous liquid weighing 17. 0 g. 
The. infrared spectrum of this material showed no band at 2. 84 
micron,which indicated absence of hydroxyl group. It showed a single strong 
peak at 5, 77 ~cron Jester carbonyl) and p. band of medium intensity at 
6.·;11 micron,which co.rr.esponds to unsaturation. 
Further purificatio.n of this crude material was p.chieved by 
distillation in high vacuum supplied by a mechanical oil pump operating in 
conjunction with a mercury di££usion and oil diffusion pump. The distill-
ing pot which-was equipped with a short Clai.sen head was heated by an oil 
bath. The £ollowing fractions were collected; 
1. B.p. up to 34° (5 x 10-3- 6 x 10-3 mm.) at bath temperatures 'o£ 
65-90°; C::olorless liquid; 2. 2 g. 
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2 •. B.p. 35-630(2 •. 5 x 10-3 mm.} at qath temperatur~s of <;10-145°; 
0. 6 g. ; pale yelloy; vis co us. ).iquid •. 
3 •. r.B .. p. 66-105° (2, '? x 10- 3 T!Uil•l !'t path temperatures of 145-19\)0 ; 
11. 9 g. ; yello:w P,igh.Ly ~is cous liquid. 
The dark high boiling viscous• residue remaining in the distilling pot 
weighed 2. 2 g. It was not further worked up. 
An inspection of the infrared spectrum of fraction l showed that 
it was not the desi,:.~d p:,oduct. Fraction l wa's not further inve sti~ated. 
Fraction 2 was not further inve~tigated because the amount was to'1 small. 
. . . . . . I 
The infrared .spectrum of fraction 3 showed strong absorption· 
maximum at 5. 76 micron (noncnnjugated ester carbonyl); t~e spectrum 
al~o sho,;,ed a band of mediu,;,_ intensity at 6, 11 micron which is 
characteristic of unsaturation. 
' . Fraction 3 was accepted as the impure product. This impur~ 
I . 
product was saponified directly as described in the next paragraph. 
The crude unsaturated ester (fraction 3; b,p. 66-105° at 2, S.x 
·lo-3 . . I mm. ; 11. 9 g.) was refluxed on the steam bath with methanoli~ 
potassium hyd~oxide (15o/o; 20 ml,) for three ho.urs. Methanol was removed 
by. distillation from steam bath under vacuum (water aspir,ator} and the 
residue was treated with distilled water (100 ml. ). The cooled rnil<ture 
wa.s. then el{tr<tcted. y;itP, ether (6.0 ml• :4>. tP.ree installments). The . 
ethereal solution was washed with water till the aqueous washings failed 
to give any alkaline reaction. After drying the ethereal solution over 
anhydrous sodium sulfate, the drying agent was removed by filtration 
'. 
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and the ether by distillation, The ·residual yellow liquid, which furnish-
' ed a precipitate on treatment with 2, 4-dinitrophenylhydrazine reagent, 
' weighed 0. 8 g. This residue was not further investigated. 
The co:mbined aqueous alkaline solution was heated on the steam 
bath to remove dissolved ether, The hot solution was treated 'with Norit 
1 
and filtered, The filtered ic'e-cold solution was acidified with hydro-
' chloric acid (2 N) to furnish a white solid, The • resulting mixture was 
extracted with ether, The ethereal solution. was washed with water till 
the aqueous washings failed to give an acid reaction, After drying the 
ethereal solution overnight over anhydrous sodium sulfate, the drying 
agent was removed by filtration and the ether by distillation at room 
temperature under vacuum produced by the water aspirator. This pale-
yellow viscous residue which weighed 8. 9 g. was further purified by 
'!' • 
reprecipitating the acid from its solution in dilute potassium hydroxide 
with dilute hydrochloric acid followed by extraction with ether, as 
described before. Thus purified, the J.someric mixture of 2-methyl-3-
(·3 1 , <51-dimethyl-5 1, 6•, 71, ·8 1 -tetrali'ydro-2' -naphthyl) -3 -butenoic acid 
was obtained as a very pale-yellow highly viscous mass weighing 8. 2 g. 
(79. 3"/o). ·This viscous mass sets to a glass on cooling in Dry Ice but 
the glassy solid becomes viscous again when brought to room temperature, 
N. E. Calcd. for C 17H22o2 (l COOH group), 258,34. 
Found 256, 8 • 
When tested with a S.o/o solution of bromine in carbon tetrachloride 
according to Shriner, Fuson and Curtin (110), the acid immediately 
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decolorizes bromine without evolution of hydrogen bromide. 
When tested with a 2"/o solution of potassium permanganate 
according to Shriner, Fuson and Curtin (110), this acid rapidly decolorizes 
potassium permanganate at room temperature and the mixture turns 
reddish brown in color. The ultraviolet absorption spectrum (Fig. 13} 
(3. 5 x: lo-5 moles/liter} of this material in 95% ethanol shows only a 
single absorption maximum at 281 millimicron (log e 3.13). 
The infra:r:ed absorption spectrum (Fig, 4}(8% carbon tetrachloride 
solution) of this material shows the following absorption bands: 
Broad band from 2. 77 to 3. 75 micron with sharp peak at 3. 41 micron 
(CH stretching,. The broad band is due to the hydroxyl of the dime ric 
form of a carboxylic acid; 5. 88 micrpn '(carbonyl of carboxylic acid}; 
6. 11 micron (very weak)(unsaturation); 10. 97 micron (low intensity) 
(terminal methylene group). 
The purified product (N.E. 256. 8) of this reaction which was accepted 
as .a mixture of isomers of 2-methyl-3-(3. 1 ' 5•-dimethyl-5 1 ' 6•' 7•, 8.1 -tekhyd'(0•2~ 
naphthyl) -3 -butenoic acid was produced in 79. 3"/o yield. 
Table VIII summarizes all of the preparations of this acid 
following the recommended procedure. 
00 
"' ..... 
TABLE VIII 
· · Preparations of 
2~Methyl-3-{3 1 , 5 1 -dimethyl-51 , 6•, 7', 8•-tetrahydro-21 -naphthyl)-butenoic .Acid, 
Mix:ture of isomers, 
Moles of Moles of G-atom 2-Methyl-3-(3', 5 1 ~dimethyl-
2-.Acetyl-3; 5-dimethyl- Ethyl 2-bromo- Zinc 5 1 , .6 1 , 7', 8•-tetrahydro-2'-
5,6, 7,8-tetrahydro~ propimop.te naphthyl}-3-butenoic .Acid 
naphthalene, cl7 Rz2°2 
Yield Neutral 
Equivalent 
Found Calculated 
0, 04. 0, 17 
· . 
0,25 79, 3"/o 256,8 -
. . 
.. . 0, 034 0, 14 . 0, 22 7 8, 6o/o 262, 7 . 258,4 
I 
.... 
. 
0,05 0,2 ·. 0, 3 80,6% 261, 7 -
0;13 0,52 o. 78 80, 4o/o 259,3 -
~---
---- -------~~ -~~-----
-- ----------
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H. Methyl 2-methyl-3-(3', 5!-dimethyl-5', 6•, 71, 8 1 -tetrahydro-2'-
naphthyl) -3 -butenoate {CCXV:t), 
Ether 
3 
....:; 
CQ:z, C H!> 
I 
CH-CH3 
I 
C=cH2 
. 
CJ-13 
CCXVI 
An ice-cold solution of 2-methyl-3-(3 1, 5 1 -dimethyl-5 1i6 1, 7',8'-
tetrahydro-21-naphthyl)-3-butenoic acid (N.E., 259. 3; 300 mg.; 1.16 
millimole} in anhydrous ether ( 5ml.) was treated with excess of an ice-
cold, dry ethereal solution of diazomethane (prepared from 1 g. of 
N -nitro so-N -methylurea). After allowing the mixture to stand overnight 
in the refrigerator, ether and excess diazomethane were removed under 
reduced pressure (water aspirator } and at room temperature, A solu-
tion of the residue in anhydrous ether {20 ml,} was extracted with dilute 
sodium carbonate solution (lOo/o; 8 ml, in two installments}. The ethereal 
solution was washed with distilled water till the washings failed to turn 
red litmus paper blue, On acidification, the aqueous alkaline solution 
furnished no precipitate, 
After drying the ethereal solution overnight over anhydrous sodium 
sulfate, the drying agent was removed by filtration and the residue was 
washed with small quantities of ether, The combined ethereal solution 
was distilled from the steam bath under reduced pressure provided by 
the water aspirator. After drying overnight over anhydrous calcium 
chloride, the residual viscous liquid weighed 300 mg. 
This residue was accepted as an isomeric mixture of methyl 2-
methyl-3-{31, 5 1 -dimethyl-5 1, 6•, 7 1 , 8 1 -tetrahydro-2 1 -naphthyl} -3-
butenoate. 
The ultraviolet absorption spectrum (Fig. 14) of this product in 
95% ethanolic solution (4. 7 ·x 10-5 moles /liter) shows only a single peak 
at 281 millimicron "(log e 3. 23). 
The infrared absorption spectrum (Fig. 5)(10. 8o/o carbon tetra-
chloride solution) of this material shows the following maxima: 
3. 23 micron (weak), 5. 76-5.82. micron {broad}(ester carbonyl), 6. 11 
micron {1637 cm-l)(medium intensity)(unsaturation), 10.99 micron 
(medium intensity)(terminal methylene group).. 
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I. 2-Methyl-3-(3 1 , 5 1 -dimethyl-5 1, 6 1 , 7 1,8 1 -tetrahydro-2 1 -naphthyl)-
butanoic .Acid (CLXXV}• 
C02.H 
I 
fH-CH3 
o:x::CH2.. 
CH3 
CLXXIV 
PtOz /Hz 
Ca. 3 atm. 
CLXXV 
Following the general procedure desribed by .Adams .(130}, the 
Pressure Reaction .Apparatus supplied by Parr Instrument Co., Inc., 
Moline, Illinois, was calibrated by shaking a solution of maleic acid 
(Matheson, Coleman and Bell; m.p. 133-134°; ll. 6 g.; o. 1 mole} in 
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95o/o ethanol {150 ml.) with platnium (IV) oxide (used as received from the 
.(!me ric an Platnum Works, Newark, N. J.; 0. 1 g.) in an atmosphere of 
hydrogen at a pressure of 46 lbs. and at room temperature (260). The 
drop in pressure of hydrogen corresponding to the absorption of 0. 1 mole 
of hydrogen under tile above conditions was 8 lbs • 
.A solution of 2-methyl-3-(3 1 , 51 -dimethyl-5 1, 6•, 7', 8 1-tetrahydro-
21-naphthyl}.-3-butenoic acid (N.E. 259.3; 26 g.; 0.1 mole} in glacial 
acetic acid (Baker .Analyzed; 75 ml.} ~as shaken with platinum (IV) oxide 
(260 mg.} in an atmosphere of hydrogen at a pressure of 46 lbs. and at 
room temperature (25°). The absorption of hydrogen stopped after the 
drop in pressure was 3 lbs. .After removing residual hydrogen! from the 
1Removal of hydrogen by nitrogen before addition of fresh catalyst is 
essential for preventing explosion of the mi'xture of hydrogen and oxygen 
in presence of a catalyst. 
container :Vith nitrogen, an additioJ:lal quantity of fresh platinum ·(IV) 
oxide (Z70 mg.) wa,s added to the reaction mixture and the hydroge:p.a-
~ . -
tion was continued ,at 25° and at 46 lbs. pressure. After the drop in 
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pressm:e was llb., the ):Lydrogenption stopped again. After removing 
hydrogen from the container. as before, an additional quantity (520 mg.) 
of fresh.platinum (IV) oxid,e Wl!S introduced and the hydrogenation '\ll'as 
coptinued at 26° and q,t 46 lbs. pressure for fourteen hours when a' 
quantity of hrdrogen corresponding to a drop in pressure of 4 lbs. :was 
absorbed. The reduction stopped at this stage. The total amount of 
hydrogen absor):>ed under the above conditions corresponds to a drop in 
p:r;'essure of !llbs. (0. 1 molel theoretical quantity). 
The spent catalyst was collected by filtration under reduced 
pressure (water aspirator) and the residue was washed with hot acetic 
ac;id. :;I'he combined filtrate and washings were distilled under redp.ced 
pressure (3-4 mm.). A ):Lot solution of the residue in dilute potassium 
' ' . ' 
hY;clroxide (lOo/o; 100 ml.) was treated with Norit; After filtration, the 
f~ltrate and washinge were acidified with dilute hydrochloric acid {ZN) 
to furnish a white precipitate. The mixture was extracted with ether 
(150 ml. in three installments). The ethereal extract was washed with 
water till the aqueous washings .failed to turn blue litmus paper red. 
The ethereal solution was dried overnight over anhydrous sodium 
sulfate. The d:r;'ying agent was removed by filtration and the ether by 
distillation from steam bath under reduced pressure provided by the 
wq,ter aspirator. On keeping the residue overnight over anhydrous, 
calcium chloride in a vacuum desiccator kept in a refrigerator, the 
viscous liquid (25. 4_ g. ; '97%) solidified, but on bringing it to room 
temperature, it turned viscous. 
The neutral equivalent of this product was found to be 262, 3. The 
calculated N.E. for a monocarboxylic acid having the molecular 
formula 017H2402 is 260.4. 
When tested with a 5"/o solution of bromine in carbon tetrachloride 
as described by Shriner, Fuson and Curtin (110), this acid failed to 
decolorize bromine instantaneously but did so after some time with 
evolution of hydrogen bromide, 
When tested with dilute potassium permanganate (2%), according 
to Shriner, Fuson and Curtin (110), this acid failed to decolorize 
permanganate at room temperature within 5 minutes. 
The infrared absorption spectrum (Fig. 6) (11. 6% carbon tetra-
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, chloride solution) shows the following peaks,· A broad band from 3. 0 to 
3, 75 microns with a sharp peak at 3,41 micron (CH stretching). The 
broad band is due to the hydroxyl of the dime ric form of carboxylic acid); 
5. 87 micron (carbonyl ~f carboxylic acid). 
There was no peak at 10. 97 micron. The weak band at 6. 11 
micron present in the starting material is a shoulder. 
The purified product of this reaction was accepted as an isomeric 
mixture of 2-methyl-3-(3 I, 51 -dimethyl-51, 6 1, 71, 8 1 -tetrahydro-21-
naphthyl}-butanoic acid. 
Table IX summarizes all of the preparations of 2-methyl-3-{3 1, 5 1-
dimethyl-51, 6 1, 71, 8 1 -tetrahydro-2 1 -naphthyl) -butanoic acid. 
TABLE IX 
Preparations of 2-Methyl-3-(3 1 , 5 1 -dimethyl-5 1 , 6•, 7 1 , 8 1 -tetra-
hydro -2 1 -naphthyl)-butanoic Acid (Is orne ric Mixture}. 
I 
Moles of Weight of Moles of 2-Methyl-3-(3•, 5•-dimethyl-
2-Methyl-3- Platinum hydrogen 5 1 , 6•, 7 1 , 8•-tetrahydro-2 1 -
(3 1 , 5 1 -dimethyl- {IV) ox:ide absorbed naphthyl)-butanoic Acid. 
5 1,6 1 , 7•,8•-tetra- Yield Neutral Equivalent hydro-2 1 -naphthyl)-
3 -butenoic Acid Found Calcd. 
' 
0.037 o. 3 g. 0.04 95o/o 261. 8 260.4 
' 
o. 1 
' 
1.05 g. o. 1 97"/o 262.3 260.4 
. 
. 
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J. Methyl 2~methyl-3 -(3', 5 1-dimethyl-5 1 , 6•, 7', 8 1 -tetrahydro-2 1 ~ 
naphthyl) -'butarioate. (GLXXVI). 
co2.H 
I . 
CH-CH.3 
I 
(l(y. ./. · CH-CH3 
~CH?t CH3 · 
GLXXV 
CH2 N2 
Ether > 
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An ice-cold solution of 2-methyl-3-p• I 5 1 -dimethyl-5 1 I 6• I 7 1 I a•-
tetrahydro-2'~naphthyl)-butanoic acid (N,E. 262. 3; 25.0 g.; 0, 096 
mole) in anhydrous eth~r (20 ml.) was treated with an excess of an ice-
cold,. dry, ethereal solution of diazomethan.e (prepared from 16 g. of 
N ~nitroso-N -methyl-urea). The mixture was left overnight in the ice-
box. Excess diazomethane was decomposed by adding a few drops of 
glacial acetic acid. The resulting colorless solution was extracted with 
dilute sodium carbonate solution (lOo/o; 50 mi. in three installments). 
The ethereal solution was washed with water. 
On acidification, the aqueous alkaline solution furnished no 
precipitate. The ethereal solution was dried overnight over anhydrous 
sodium sulfate. The drying agent was .removed by filtration and the 
ether by distillation.from the steam bath under reduced pressure provided 
by the water aspirator. 
' 
After being dried for two days in a vacuum desiccator over anhydrous 
calcium chloride, the residual viscous liquid weighed 26. 0 g. (98o/o). 
·The in£rared spectrum o£ this residue showed a .strong peak at 5, 75 micron 
.. -'" 
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{unconjugated <ester carbonyl}. 
The product of this reaction was accepted as a mixture of isomers 
of methyl 2-methyl-3-(3', 51 -dimethyl-5 1 , 6•, 7 1, 8 1 -tetrahydro-21-
naphthyl) -butanoate. 
Table X summarizes all of the preparations of the isomeric 
mixtures of methyl 2-methyl-3 -(3 1, 5 1 -dimethyi-5 1, 6•, 7', 81 rtetrahydro-
21 -naphthyl) -butanoate by following the procedure described. 
TABLE X 
Preparations of Methyl Z-Methyl-3-(3 1 , 5 1 -dimethyl-5 1, 6•, 7 1 , 8 1 -
tetrahydro-21 -naphthyl)-butanoate (lsomerll:; mixture). 
Moles of Methyl Z-Methyl-3-{3 1 , 5 1 -
Z-Methyl-3-(3', 5 1 -dimethyl- dimethyl-5 1 , 6•, 7 1 , 8 1 -tetra-
5 1, 6 1 , 7', 8•-tetrahydro-Z•- hydro -Z' -naphthyl)-
naphthyl)-butanoic Acid butanoate 
Yield 
. 
0.030 94% 
0,096 98% 
-'· 
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K. 2-Methyl-3 -(3 1, 5 1 -dimethyl-21 -naphthyl) -butanoic Acid (GLXXVIII). 
s 
220 - 260° 
GLXXVI 
Saponification 
GLXXVIII 
1. Aromatization of Methyl 2-Methyl-3d3 115 1-dimethyl-5 1, 6 1,7 118 1-
tetrahydro-21-naphthyl) -butanoate with Sulfur. 
Methyl 2-methyl-3-(3 1, 5 1-dimethyl-5 1, 6 1 ,. 7 1, 8 1 -tetrahydro-21 ~ 
naphthyl) -butanoate (25. 0 ·g.; 0. 09 mole} was mixed with the calculated 
. quantity (5. 84 g. ; O. 18 mole} of sublimed sulfur (Howe and French} in a 
pyrex flask equipped with a condenser. The flask was heated in a metal 
bath whose temperature was maintained for one and one-half hours at 
220-240° and then for halfan hour at 250-260° when the evolution of 
hydrogen sulfide stopped,. as shown by the fact that no black precipitate 
was formed when the issuing gases were passed through a saturated 
solution of lead acetate. The dark residual liquid was distilled from a 
flask equipped with q. Glaisen head under vacuum provided by a mechanical 
oil pump. All of the material was collected in one fraction boiling at 
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140-160° (0,01-0,05 mm,) atbath temperatures of 200-220°, This deep 
r~ddish brown distillate which weighed 22. 0 g. was purified by saponifica-
tion to the corresponding acid, as described below. 
This crude ester (22, 0 g.; 0. 08 mole} was refl.uxed for four hours 
with dilute methanolic potassium hydroxide (lOo/o; 100 ml.) and the 
~esidual solution was concentrated to approximately one-fourth of its 
previous volume, .After dilution with water (250 ml.), the cold solution 
I 
j>oas extracted with ether (100 ml. in two installments). The ethereal 
extract was washed with water till the washings failed to turn red litmus 
paper blue. On distillation of the dried ethereal sol'lltion, a small 
quantity of yellow residue was obtained, This was not further investigated. 
,The combined aqueous ·alkaline solution was treated with Norit, .After , 
'filtration, the ice-cold filtrate was acidifiedwith dilute hydrochloric 
'acid when a yellow solid separated, The mixture was extracted with ether 
, {250 ml. in three installments). The ethereal extract was washed with 
'distilled water till the aqueous washings failed to turn blue litmus red • 
.After drying the ethereal solution over anhydrous· sodium sulfate, the 
drying agent was removed by filtration and the ether by distillation • 
.After drying overnight over anhydrous caJ,.ciurn chloride in a vacuum 
desiccator, the crude yellow solid weighed 20. 0 g. 
2. Purification of Crude Diastereoisomers of 2-Methyl-3-(3•, 5 1-di-
methyl-21-naphthyl) -butanoic .Acid and I\;olation of one of the Racemic 
Forms • 
.An ice-cold solution of this crude acid (20, 0 g.) in anhydrous ether 
(50 :rnl,) was treat~d with excess of an ice-cold, dry, ethereal solution of 
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diazo:inethane (prepared from 15 g. of N -nitro so-N -methyl-urea). ..After 
keeping the yellow solution overnight in the icebox, excess diazomethane 
,;.,as decomposed by the .addition of a few drops o£ glacial acetic acid. 
The resulting colorless solution was extracted with dilute sodium 
carbonate solution {lOo/o; 50 ml. in three installments}. The ethereal 
solution was washed with water. The combined alkaline solution gave 
no precipitate on acidification. The ethereal solution was dried ove.r 
anhydrous sodium sulfate. The drying agent was removed by filtration 
and the ether by distillation. .After drying overnight over anhydrous 
calcium chloride, in a vacuum des~ccator, the deep brown viscous residue 
weighed 21.0 g. This was purified by chromatography on activated 
• alumina as described below • 
..A solution of this crude methyl 2-methyl-3-"{3•, 5 1 -dimethyl-2 1 -
. naphthylY-butanoate "(21. 0 g. ; 0. 08 mole) in petroleum ether (Fisher 
Certi.fied Reagent; b.p. 30-60°; 75 ml.) was placed on a column 
(4 em. x 34 cJ!l,} of activated alumina {Merck acid-washed material w'as 
used as received; 430 g.) . 
..After eluting 510 .mg.· of extraneous matter off the column with 
petroleum ether, the col)lmn was eluted with more petroleum ether till 
this solvent eluted on,ly small amounts of material. The eluates were 
, collected in five 25 ml. portions, three 200 ml. portions and six 400 ml. 
, portions. The solvent from each of 'these portions was removed from the 
steam bath under vacuum provided by the water aspirator to furnish a 
colorless viscous residue. The infrared spectrum1 of the residue from 
irhe infrared spectra were recorded in carbon tetrachloride solution 
(ca. 10%) using al?erkin.Elmer Model 12C Spectrophotometer. 
each portion was recorded. .All of these residues showed either a band 
at 5. 75 micron or a band at 5. 76 micron, indicating the presence of an 
ester group. The spectra of the residues from the five 25 mi. portions 
were essentially identical between 2. 5 and 11. 5 microns. Similarly, 
t.he spectra of the residues from the three 200 mi. and the six 400 mi. 
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portions were essentially identical in the above region. However, the 
relative intensities of the 8. 9, 9. 1 and 9. 29 micron bands in the spectra 
.of the two series were somewhat different. .All of these residues were 
combined. This combined fraction from petroleum ether will be called 
fraction .A, which weighed 10,4 g. 
The column was next eluted with a mixture (3:1 by volume) of 
petroleum ether and benzene till this solvent mixture eluted only small 
quantities of material. These eluates were collected in three 500 ml. 
portions and one ZOO ml. portion. The solvents from each of these 
, portions were removed as before, when colorless viscous residue was 
obtained from each portion. The infrared spectrum1 of the residue from 
' . 
, each portion was recorded as before. The spectra of all these residues 
which showed either a band at 5. 75 micron or a band at 5. 76 micron 
(indicating the presence of an ester group) were essentially identical 
between z. 5 and 11. 5 microns. Moreover, these spectra either showed 
no band at 8. 9 micron or showed only a very weak band at this wave length. 
These colorless viscous residues obtained by elution of the column with 
this 'solvent mixture ~i.e., petroleum ether-benzene, 3:1, by volume) 
1The infrared spectra were recorded in carbon tetrachloride solution 
(ca, 10%} using a Perkin Elmer Model lZC Spectrophotometer. 
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were combined. This combined fraction, which will be called fraction B 
weighed 7. 7 g. 
The column was next eluted with a mixture (3:2, by volume) of 
petroleum ether and benzene till no further material was eluted by this 
solvent mixture, The eluate was collected in one 1700 ml. portion. On 
evaporation of the solvents as described be:fore, 1. 7 g. o:f colorless 
viscous residue was obtaine.d. The in:frared spectrum 1 of this fraction . 
(fraction C) was identical with the in:frared spectrum of fraction B. 
Further elution of the column with petroleum ether-benzene (1 :3, 'by 
'Volume) as well as with benzene eluted small amounts of yellow gummy 
material which was rejected. 
The total recovery of the partially purified product from the 
; column was 19. 8 g. (95o/o). 
Fractions B and C were combined. . This combined fraction (B and 
C) was saponified as described below. 
Saponification of Combined Fractions B and G. 
The combined fractions B and C weighing 9. 0 g. was refluxed for 
three hours with methanolic potassium hydroxide solution (lOo/o; 30 ml. ). 
After removing methanol under reduced pressure, the residue was 
dissolved in water. The hot solution was treated with Norit. After 
filtration, the ice-cold solution was acidified with dilute hydrochloric 
acid (2 N). The precipitated white solid was taken up in ether. This 
. 
1 The in:frared spectra were recorded in ca:tbon tetrachloride solution 
(ca. 10%) using a Perkin ElmeJ," Model 12C Spectrophotometer. 
ethereal solution was washed with water till the aqueous washings failed 
' t~ turn blue litmus paper red. .After drying the ethereal solution over-
. night over anhydrous sodium sulfate, the drying agent. was removed by 
filtration and the ether by distillation at room temperature and under 
reduced pressure provided by the water aspirator, The viscous residue 
was kept overnight in a vacuum desiccator over anhydrous calcium 
chloride when most of it solidified. This residue weighed 8. 6 g. On 
trituration of this solid with petroleum ether, a white insoluble solid 
.:.Vas obtained, This solid was col!l.ected by filtration and the residue 
was washed with petroleum ether, The combined filtrate and washings 
were preserved. .After being sucked dry, the residual solid melted at 
104-114°. This solid (m. p. 104-114°) was recrystallized thrice from 
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.n-hexane-petroleurn ether to furnish glistening clusters of plates, .After 
being sucked dry, the crystals melted at 130.5-132.5°. This pure 
:product weighed 2. 8 g. 
Concentration of the final mother 1iquor from' the above crystals 
· (m.p. 130. 5-132, !P) furnished a crop of crystals which melted at 128-
1300. These weighed 0~ 22 g. 
A total of 4, 2g. of impure crysta~s which melted at 108-126° 
separated thereafter from all the combined mother liquoro .. After three 
recrystallizations from a mixture of n-hexane and petroleum ether, 2. 9 g. 
of glistening clusters. o£ plates .were obtained. These crystals melted 
at 128-130°, 
The combined crystalline products '(m.p, 128-13CP) were re-
crystallized once from n-hexane -petroleum ether to furnish glistening 
184 
' 0 c~usters of plates melting at 130. S -132, S • These weighed 2. 9 g • 
. The combined mother liquors on evaporation gave about 2. 8 g~ 
cif yellow gummy residue which was not further investigated. 
i . 
The combined purified product (m. p. 130. S-132. S0 ; S. 7 g.} was 
·. 
obtained in 24, 7o/o .Yield, From the analytical and spectroscopic 
<~vidence reported'below,. this product was accepted as one single isomer 
' ' 
of 2-methyl-3-(3•, S'-dimethyl-2 1 -naphthyl}-butanoic acid. 
The analytical sample of this acid was obtained from a previous 
run. After drying at 110° in high vacuum over phosphorus pentoxide, an 
analytical sample of 2 -methyl-3 -(3 I, S 1-dimethyl-2 1 -naphthyl) -butanoic 
'acid melted at 131. S-132 •. S0 • 
. Analysis: 
Calcd. for c 17H 20o 2: c, 79. 6S; H, 7. 86; N.E., 2S6. 3 
C, 79.8; H, 8.0 ; N.E., 2SS.8 
Table XI summarizes all of the preparations of 2 -methyl-3 -(3 1, S'-
dimethyl-2 1-naphthyl) -butanoic acid. 
The ultraviolet absorption spectrum (Fig. 1S and table XII) of 
2 -methyl-3 -(3', S• -dimethyl-2 1 -naphthyl) -butanoic acid was obtained in 
ethanol (9So/o). The wave length maxima and values of log e are summarized 
in table XII. For the purpose of comparison, the wave length maxima 
and values of log£ for 2, 3, S-trimethylnaphthalene lhexane) published 
by Morton and de Gouveia (11S) are included in the same table (table XU). 
i Semimicroanalysis fur carbon and hydrogen was performed by Dr. 
Carol K. Fitz. Neutral equivalent was determined by the author following 
the general procedure of Shriner, Fuson and Curtin (llO). 
The infrared spectrum (Fig. 7}{3o/o carbon tetrachloride solution} 
of 2-methyl-3-{3 1 , 5'-dimethyl-2 1 -naphthyl)-butanoic acid shows a strong 
' peak at 5. 87 micron (carbonyl of nonconjugated carboxyl group}. 
'' '·. 
TABLE XI 
Preparations of a single isomer of dl-2-Methyl-3-(3 11 5 1-dimethyl-2 1-
naphthyl) -butanoic .Acid, 
Moles of Methyl 2-methyl- 2-Methyl-3-(3 1, 5 1-dimethyl-21-
3 - {3 I, 5 I -dime thy 1-5 I> 61, 7 I, 8 I - I naphthyl) -butanoic .Acid. tetrahydro-21-naphthyl)-
butanoate, "/o Yield Melting Point 
+ 0,016 12% 129-130° 
t 0,038 13"/o 130-131° 
* 
0,09 24, 7"/o 130. 5-132. 5° 
. 
. 
* The procedure described was followed, 
+ Attempts were made to separate the diastereoisomeric acids by 
fractional crystallization, This process was not satisfactory. 
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T.ABLE XII 
Ultraviolet .Absorption Data. · 
2, 3, 5-Trimethylnaphthalene + 2-Methyl-3-(3 1, 5 1 -dimethyl-
2' -naphthyl)-butanoic .Acid. 
co .. H 
QCACH3 ' Solvent Solvent CH·cH3 I 95% Ethanol. /. Hexane. 
OCCCH-CH;s CH3 
_, CH3 
CH3 
CH.3 
:1 
Cone. Wave length log.€. Wave length log. E:: 
. 
. maxima (mp) . maxima (mp) 
8x10-4M, 324 2. 36 323. 2 2. 48 
-4 8x10 M. 318 2. 52 318. 6 2. 70 
. 
313. 0 2. 71 
307.8 2.88 
3x10- 5M. 296 3. 60. 296 3. 76 
-5 3xl0 M. 287 3 .• 77 283.8 .3.89 
. 
3xl0-5M. 276.5 3. 74 . 273. 6 3, 86 
3xlo-5M. Sh268 3. 60 264.8 3. 73 
-5 3x10 M. Sh257 3. 39. 
6xl0 - 6M, 231.5 5.03 229.8 5. 06 
6xl0- 6M. Sh229' 4. 98 . 225.3 s. 06 
Sh = Shoulder. 
+ Reported by Morton and de G:ouveia (115}. 
Saponi#c,atiqn of Fraction A. 
Fraction A (10. 4 g.} was saponified by refluxing with methanolic 
potassium hydroxide solution (10%; 35 ml. ). The reaction mix:ture was 
worked up as described in the c;:ase of combined fractions B and C 
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{Page .Ls:z.) to furnish 9. 2 g. _of a viscous mass which was kept in the ice: 
])ox: for six: weeks when it gradually started to solidify. After two months 
and a hfll,f, the mass solidified almost completely. Th,is fraction was 
' . 
i 
not investigated .further. 
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L. 3-Methyl-4-(3 1 , S•-dimethyl-2'-naphthyl)-pentanoic Acid (CLXXXIl). 
1. SOC12 
2. CH 2N 2 
3. c:H3oH + Ag ~ 
4. Saponification, 
Following the general procedure of Arndt-Eistert synthesis 
described by Bachmann and Edgerton (117), a mixture of anhydrous 
ether (Merck Anhydrous Reagent material was dried over sodium wire; 
10 ml.), anhydrous pyridine (four drops)· prepared according to Fieser 
(120}, and purified thionyl chloride [Eastman Kodek White Label 
material was purified according to Fieser (120); 1. 1 ml.; 1. 8 g.; 1S 
millimole J taken in a standard· taper flask equipped with a guard tube 
containing Drierit~, was cooled in·'ice. This ice-cold mixture was 
treated with an ice.-cold solution of anb.ydrous 2-methyl-3-(3•,S•-dimethyl-
2 1 -naphthyl} -butanoic acid ·(The pure material melting at 130. S-132. so 
was dried at 110 ° over phosphorus· pentoxide in high vacuum; 1. 28 g.; 
4. 7 millimole) in anhydrous ether (10 ml.) and the mixture was. allowed to 
stand for one hour in .a bath of .ice and salt (ca. so) and for an hour at room 
temperature (22°); ';l'he solvent and excess thionyl chloride were removed 
under nitrogen at room temperature and at reduced pressure provided by 
the water aspirator. Anhydrous benzene (Eastman White Label, thiophene-
£ree material was dried. o.ver sodium wire; 10 ml.} was added to the-
residue and the solution was evaporated again under reduced pressure as 
before. This operation ·was repeated twice to remove thiqnyl chloride. 
Finally, the contents were sucked. at 3-4 mm. for fifteen minutes to 
remove traces of thionyl chloride, .A. cold (ca. 0°) solution of the 
residual solid in anhydrouu ether (25 ml.} was decanted carefully 
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through a small plug of glass wool (contained in an L-shaped tube w.hich 
was attached to the flask) into a cold (0-5°} dry, ethereal solution (60 ml.) 
of diazomethane (0. 33 millimoles of diazomethane per ml.) with stirring. 
The container of the acid chloride was washed twice with 10 ml. portions 
of anhydrous ether and the washings after filtration through the plug of 
glass wool was added to the diazomethane solution, Care was taken to 
prevent any residual pyridine hydrochloride from going into the flask 
containing the ethereal solution of diazomethane. The deep yellow 
ethereal solution was allowed to stand at 0-50 for two hours and then at 
room temperature (zoo) for two hours •. Ether and excess diazomethane 
were removed at room temperature under reduced pressure provided 
by a water aspirator, .A solution of the residual noncrystalline yellow 
diazoketone in anhydrous methanol [Baker Analyzed material was puri-
fied by treatment with magnesium according to Fieser (120); 25 ml.] was 
heated to 50° in a three -necked round-bottomed standard taper flask 
{150 ml.) equipped with a water-cooled condenser, a glass-covered 
magnetic stirring bar and a stopper. This warm so:Lution was treated 
with a slurry of .. 500 mg. of silver oxide [prepared before use according 
to Bachmann and Struve (116) from silver nitrate (Baker .Analyzed}] in 
anhydrous methanol, Evolution of nitrogen started immediately. · The 
mixture was warmed to 60-70° with stirring and it was treated with a 
' 
' 
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slurry of silver oxide (250 mg,) in anhydrous methanol, At an interval 
of ten minutes, an additional quantity of a slurry of silver oxide (250 mg,) 
ih anhydrous methanol was added to the reaction mixture. This mixture 
' . 
was then heated with stirring in a wz.ter bath maintained at 60-70° for 
a total period of one and one half hours. During this time, the inside o£ 
the flask was coated with a mirror of silver. The hot mixture was 
filtered under reduced pressure provided by the water aspirator and the 
:.;-esidue was washed with anhydrous methanol. From the combined 
filtrate and washings, methanol was removed on the steam bath under 
' 
nitrogen and the residue was refluxed with methanolic potassium hydroxide 
(15"/o; 15 ml,) for sixteen hours. After diluting the resulting solution 
' 
with distilled water tso ml,}, the mixture was concentrated to one-fourth 
of its previous volume. This mixture was diluted with 25 ml. of watert 
. ' 
:The hot alkaline solution was treated with Norit. After filtration of this 
' 
:mixture through a bed of Hyflo, the residue was washed with hot water· 
1{50 ml. fn two installments). The combined filtrate and washings were 
•cooled in ice and the solution was acidified with ice-cold nitric acid 
,(10"/o) till the mixture was distinctly acidic to blue litmus paper, The 
resulting mixture containing a white precipitate was extracted with 
ether (120 ml. in three installments). The ethereal extract was washed 
.with water (50 ml. in two installments} and was then dried over anhydrous 
, sodium sulfate. The drying agent was removed by filtration and the 
' 
, ether by distillation at room temperature and under reduced pressure 
'provided by a water .aspirator. On cooling in ice, the viscous residue 
I 
! solidified. After drying overnight in a vacuum desiccator over anhydrous 
I 
I 
L 
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calcium chloride, this solid weighed ~- 38·g. 
A solution· ot"this crude solid (1; 38 g.) in dilute sodium bicarbonate 
solution (50 ml.) was eXtracted with· small quantities of ether to remove 
a small quantity of insoluble oily liquid. The aqueous alkaline solution 
was warined on the steam bath to remove dissolved ether. This solu-
tion was cooled in ice and acidified with ice -cold dilute nitric acid (lOo/o) 
till acidic to blue litmus paper. The precipitated yellowish white solid 
was taken up in ether. After washing the ethereal solution with water, 
the organic layer was dried over anhydrous sodium sulfate. The 
drying agent was removed by filtration and 'the ether by distillation. 
The dark brown viscous residue (1. 29 g.} which was cooled in a bath of 
Dry Ice and acetone and was triturated with cold petroleum ether, furnished 
a lfolid. This solid was collected by filtration, A hot solution of this 
solid in n-b.exane {2ml.) was -diluted' with petroleum ether (10 ml. ). 
A~ter chilling this solution in a bath of Dry Ice and acetone, tb.e solu-
tion was set aside on the bench at room temperature for crystalliza-
tibn; After four hours, rectangular prisms were deposited. The 
crystals were collected by filtration under reduced pressure provided 
by a water aspirator. The residue was washed with cold petroleum 
ether and was tb.en sucked dry. These crystals melted at 98-100° and 
weighed 760 mg. Two recrystallizations from n-b.exane -petroleum ether 
(the first of which included treatment witb. Norit) furnisb.ed pure 
rectangular prisms melting at 100-101.5°. On admixture of this material 
(m.p. 100-101, 5°) with a sample of the starting material (130, 5-131. 5°), 
'. 
the mixture melted at 86-90° witb. previous sintiring at 84°, Tb.e purified, 
r 
i 
product of this reaction was obtained in 52"/o yield. 
The analytical sample of this acid was prepared from a different 
batch, After being dried at 80° in high vacuum over phosphorus 
pentold.de for thirty-sixhoU!'!j, an analytical sample of 3 -metb.yl-4-
{3 1, 5 1-dimethyl-2'-naphthyl) -pentanoic acid melted at 100. 5-101.5°. 
Analysis: 
Calcd. for c 18H 22o 2: c, 79. 96; H, 8.20; N.E., 270.4 
1 Found C, 79.9; H, 8.2; N.E., 271.5 
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The ultraviolet absorption spectrum (Fig. 16 and table XIV) of 3-methyl-
4-(31, 5 1-dimetb.yl-2•-naphthyl)-pentanoic acid in 95% ethanol was almost 
identical with that of 2-methyl-3-(3 1, 51 -dimethyl~2 1 -naphthyl} -butanoic 
· acid. 
The infrared spectrum (Fig. 8) (2. 3"/~ carl:!on tetrachloride solution) 
.. 
of 3-methyl-4-{3 1, 5 1 -dimethyl-2 1 -naphthyl) -pentanoic acid shows a strong 
band at 5. 87 micron whicli is characteristic of a nonconjugated carboxyl 
group. 
' 
Table XIII summarizes all of the preparations of 3-metb.yl-4-
(3', 5 1 -dimethyl-2 1-naphthyl)-pentanoic acid. 
1 Semimicroanalysis for carbon and hydrogell was carried out by Dr. 
Carol K. Fitz, The neutral equivalent was determined by the author 
foliowing the directions of Shriner, Fuson and Curtin (110}. 
"' a-
-< 
TABLE Xlli 
. Preparations of 3-Methyl-4-(3 1, 5 1-dimethyl.t2•-naphthyl) -pentanoic Acid. 
IMillimoles of Milli- Millimoles of :i-Methyl-4-(3 1 , 5 1 -dimethyl~ 
2-Methyl-3 -(3 1 , 5 1 -dimethyl'- moles of Diazomethane 2•-naphthyl)-pentanoic Acid. 
2. 1 -naphthyl) -butanoic Acid, Thionyl 
Yield Melting Point Chloride 
. 
* 2., 0 7 9. 7 13% 100-.101. 5°. 
.. 
+ 0.9 41 7. 7 16"/o 100~101° ** I 
+ o. 65 41 2,2 32% 97.5-98.5° 
T 0, 94 5 4,0 45% 98-99° 
*** 
+ 4. 7 . 15 19.6 52% 100-101,5° 
--
-. 
* Diazoketone was rearranged to acid, 
-r Diazoketone was rearranged to the methyl ester, 
** Yield of material (m, p. 97. 5-98, 5°) was 38"/o, 
·*** The procedure described was followed, 
"" 
"' 
-
TABLE XIV 
Ultraviolet .Absorption Data 
2-Methyl-3-(3 1 , 5 1 -dimethyl- 3-Methyl-4-(3', 5 1 -dimethyl-2 1 -
2 1 ~naphthyl}- naphthyl} -pentanoic acid ixi 
butanoic acid 9 5"/o Ethanol 
in 9 5"/o Ethanol 
. . 
Cone, Wave log. 'Cone, Wave log, 
Moles/liter length 6 Moles /liter length e 
maxima maxima 
(m}l) . (mp) 
8xl0-4 324 2. 36 
. .· -4 
. 9. 3xl0 324 2,34 
·-
,., ' 318 2. 52 
" 
319 '2. 48 
' 
.. ' 
.. 
-5 
3,60 -5 3 X 10 296 9.:3' X 10 29G 3.51r 
3xl0-S 287 3.17 -5 9. 3xl0 ,. 286 3. 74 
" 
276,5' 3, 74 , 276 3, 72 
" 
268Sh 3, 60 ,, 267 3,61 i 
,, 257Sh 3. 39 
" 
257 3,47 
6xlo-6 231, 5 5,03 7,4xlo-6 232 4,97 
" 
229Sh 4, 98 
" 
228 4.92 
.· 
Sh = Shoulder, 
1>,1:. 4-0xo-1, 2, 8, 10-tetramethyl-1, 2, 3, 4-tetrahydrophenanthrene 
· (GLXXX!Il}, 
.Anhydrous HF ) 
CH3 
GLXXXIII 
This experiment must be performed in a hood provided with an 
efficient exhaust fan •. 
Following the general procedure of Johnson {118), 3-methyl-4-
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(3•, 5 1 -dimethyl-2 1 -:-naphthyl)-pentanoic acid (m.p. 100-101. 5°; o. 700 g.; 
'2. 6 millimole) contained in a polyethylene botUe, which was cooled in 
:a bath of ice and salt (0-5°) was treated with anhydrous liquid hydrogen 
'fluoride {used as ;eceived from Matheson and Go,; 25 ml,; 25 g. 
,approximately) from a chilled inverted cylinder equipped with a poly-
ethylene tube, The organic acid dissolved immediately to furnish a brown 
.solution which was allowed to stand in ice with £requent shaking for 
approximately forty-five minutes, .Anhydrous hydrogen fluoride was 
, removed by blowing a stre.am of air. The solution of this brown residue 
in ether {100 ml.) was extracted with potassium carbonate solution (20o/o; 
'25 ml, ). The aqueous alkaline layer was extracted with ether {60 ml. 
:in two installments), · The ·combined ethereal solution was washed with 
• distilled water till the washings failed to turn red litmus paper blue, 
The combined aqueous alkaline solution was heated on the steam 
'bath to remove dissolved ether. The ice-cold solution was acidified with 
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ice-cold dilute hydrochloric acid solution when only a negligible quantity 
of solid was precipitated. This precipitate was rejected. 
The combined ethereal solution was dried over anhydrous sodium 
sulfate. The drying agent was removed by filtration and the residue was 
washed with small quantities of dry ether, , The combined ethereal 
solution was distilled from the steam bath under vacuum produced by the 
water aspirator when a brown viscous liquid was obtained, On keeping in 
the vacuum desiccator over anhydrous calcium chloride, this viscous 
liquid solidified. lt weighed 650 mg • 
.A solution of this solid in petroleum ether {b.p. 30-60°; Fisher 
certified reagent 25 ml,) was filtered to remove a small quantity of 
suspended impurities, The residue was washed with petroleum ether 
'(5 ml. ). The combined filtrate and washings were concentrated to about 
,7 ml, on the steam bath ,under nitrogen. This concentrated solution was 
chilled in a bath of Dry Ice and acetone and the chilled solution was set 
'aside on the bench for two hours, to furnish crystalline needles, The 
crystals were collected by filtration under reduced pressure and washed 
,with a few drops of ice -cold petroleum ether under suction, .After being 
1sucked dry, the crystals, weighed 530 mg. and melted at 82-84°. These 
crystals were pale yellow in color. These were further purified by 
,pass~ng a solution of, this mate,rial in petroleum ether through a column 
;of ac~ivated alumina (Fisher, .Adsorption .Alumina; 2 g.). The column was 
' 
'eluted with 40 ml. of petroleum ether,, The combined petroleum ether 
' > 
I , • , 
'so1ution was conceritr'ated to about 5ml.' the solution was chilled in a bath 
, of Dry Ice, and acetone and then set aside for crystallization when beautiful 
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'fhite needles were obtained. These crystals were collected by filtration 
and the residue was washed with: a few drops of petroleum ether under 
suction. After being sucked dry, the crystals melted at 83. 5-85° and 
weighed 500 mg. The purified product of this experiment was obtained 
i:n 77% yield. 
An analytical sample was prepared by chromatography of the crude 
product (m. p. 82-840}, obtained from a different batch, over activated 
alumina followed by recrystallization from petroleum ether. After 
being dried at 78° in ,Pigh vacuum over phosphorus pentmd.de for two days, 
the analytical sample melted at 83. 5-85°, · 
' 
A. al . 1 n ys1s: 
I 
Calcd. for c 18H 20o: c,. 85. 67; H, 7. 99 
Found C, 85. 75; H, 8.05 
The 2,4-dinitrophenylhydra:z;one of 4-oxo-1, 2, 8, 10-tetramethyl-· 
1' 2., 3, 4-tetrahydrophenanthrene was prepared according to the general· 
.procedure of Shriner, Fuson ;ind Curtin (110} for the preparation of the 
2, 4-dinitrophenylhydra:z;ones ~f aldehydes and ketones. After two 
crysta1li:z;ations from a.mixture of absolute alcohol and ethyl acetate, the 
k, 4-d.initrophenylhydra:z;one 6!4-ox~-1, 2, 8; 10-tetramethyl-1, 2, 3, 4-tetra-
hydrophenanthrene. melted at 270-272°. 
The infrared spectrum (Fig. 9}(10% carbon tetrachloride solution) 
of an analytical sample of 4-oxo-1, 2; 8, 10-tetramethyl-1, 2, 3, 4-te.trahydro-
phenanthrene sh~wed a strong absorption band at 5. 98 micron (conjugated 
1 Schwar:z;kopf Microanalytical Laboratory. 
•' ' 
' 
carbonyl group in a six-membered ring) and at 6. 25 micron (aromatic 
-C=C- vibration). 
The ultraviolet absorption spectrum (c£. table XVI and Fig. 1 7) in 
I 
95o/o ethanol is characteristic of 4-oxo-1, 2, 3, 4-tetrahydropheanthrenes. 
Table XVI compares the wave length maxima and values of log € for 
4-oxo-1, 2, 8, 10-tetramethyl-1, 2, 3, 4-tetrahydrophenanthrene with 
those o£ 4-oxo-6, 7, 10-trimethyl-1, 2, 3, 4-tetrahydrophenanthrene 
(CLXXXII) which have been published by Carruthers and Gray (121). 
' ' 
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Table XV summarizes all of the preparations of 4-oxo.-.1, 2, 8, 10-
tetramethyl-1, 2, 3, 4-tetrahydrophenanthrene. 
TABLE XV 
' · Preparation of 4-0xo-1, 2, 8, 10 -tetramethyl-1. 2, 3, 4-tetrahydro-
! phenanth·rert.e . 
! . 
Moles of 3-Methyl- Wt. of 4-0xo-1, 2, 8, 10 -tetramethyl-
4-{3 1, 5 1 -dimethyl- Anhydrous 1, 2, 3, 4-tetrahydro-
2 1 -naphthyl} -pentanoic Hydrogen phenanthrene 
Acid. Fluoride 
Yield Melting Point 
0. 26 millimole Approx. 64o/o 83.5-85° 
(70. 0 mg.) l. 5 g. 
0. 26 millimole 2 g. 81o/o 81-84° 
(70. 0 mg.) 
* 
2~ 6 millimole 25 g. 77% 83,5-85° 
* The proc.edure described was fol1owed. 
zoo 
T.ABLE XVI 
Ultraviolet .Absorption Data 
I 
02'"' . 0 . H3C=ec2 . CH3 . ,. . H3C . '- ·..-. 'cH3 
I 
H3 
CH3 
4-0xo-1,· 2, 8, 10-tetramethyl- 4-0xo-6, 7, 10-trimethyl-1, 2, 3, 4-
'1, 2, 3, 4-tetrahydro- tetrahydTophenanthrene 
phenanthrene in 95"/o · in hexane. 
* :Ethanol 
Wave length log e Co..,.e .. Wave length loge: Moks ·p.,.., 
,maxima (m~ · 
.Utv.. · ... maxima (m)l) . . 
334-338 3. 59 
_, 
I• 6-)<.10 330-340 3.83 
(broad) 
. 
256 4. 26 •• 255-260 Sh 4.17 
• 
220 4.68 
! 
I 
" 
222 4.70 
. 
r>h = Shoulder · 
Reported by Carruthers and Gray (121). 
: N. 4-Hydroxy-1, 2, 8, 10 -tetramethy1-1, 2, 3, 4-tetrahydrophenan-
threne (CLXXXIV). 
CH:3 
CLXXXIII CLXXXIV 
The general procedure described by Nystrom and Brown {122) 
. for the reduction of aldehydes and ketones using lithium aluminum 
1. hydride was followed and modified. 
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A slurry of gray lithium aluminum hydride (used as received from 
· Metal Hydrides Inc. j 600 mg. ; 16 millimole) was suspended in anhydrous 
ether [ Mer~k anhydrout; reagent quality was distilled from lithium 
aluminum hydride before use; 80 ml. J in a three-necked flask (150 ±rtl. ). 
The reaction flask' was equipped with a pressure-equalizing dropping 
funnel, a water-cooled condenser,. a gla·ss-covered magnetic stirring bar 
and a _stopper: The apparatus was protected from moisture by attaching 
a guard tube containing Drierite at the top of the c.ondenser, The slurry 
was stirred for fifteen minutes at room temperature. 
4-0xo-1, 2,8,10-tetramethyl-1, 2, 3,4-tetrahydrophenanthrene was 
dried at 56° ]Ulder high vacuum over phosphorus pentoxide for four hours. 
I A solution of this anhydrous 4--oxo-1, 2, i!, 10-tetramethyl-1, 2, 3,4-tetra~ 
I . • 
hydrophenanthrene {m. p. 83, 5-850; 505 mg.; 2. 0 millimole) in anhydrous 
ether (10 rnl.) was added dropwise from the dropping funnel to an ice~cold 
'·slurry of lithium aluminum hydride in the reaction vessel. The mixture 
was gently refluxed with stirring for fourteen hours. The .reaction 
vessel was cooled in a bath of ice and salt and the mixture was 
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decomposed by gradual dropwise addition, with stirring, of water {20 ml,)~ 
The cold mixture was then stirred with ice -cold dilute hydrochloric acid 
{1:1 by volu:ine; 50 ml.), followed by a few drops of concentrated hydro-
chloric acid. The clear mixture of liquids was transferred to a separa-
tory funnel, The aqueous acidic layer was extracted with ether ( 60 ml. 
in three installments). 
The combined ethereal solution was washed with distilled water· 
till the aqueous washings failed to turn blue litmus red. .After drying 
the ethereal solution oyer·anhydrous sodium sulfate for four hours, the 
drying agent was removed by filtration. The residue was washed with 
·dry ether. The combined filtrate and washings were distilled from the 
steam bath in a vacuum produced by the water aspirator to o.btain a 
viscous residue weighing 49,0 mg. 
The infrared spectrum (Fig. 10) of this residue recorded in the 
form of a thin film on salt plates ·showed an absorption band at 3, 0 micron 
{hydroxyl group)~ .. It exhibited no absorption band at 5. 98 micron 
(absence of conjugated carbonyl). 
When tested with 2, 4-dinitrophenylhydrazine reagent according to 
Shriner, Fuson and Curtin (110), this crude residue did not furnish any 
orange precipitate. 
No attempt was tp.ade to purU'ythis crude material. 'Ire impure 
product of this reaction which was accepted as impure 4-hydroxy-1,2,8,10-
tetramethyl-1, 2, 3, 4-tetrahydrophenanthrene was obtained in 96"/o yield, 
' 
·. 
' I 
' 
' I 
' 
Table XVII summarizes all of the preparations of impure 
4-hydroxy-1, 2, 8, 10-tetramethyl-1, 2, 3, 4-tetrahydrophenanthrene. 
T.ABLE XVII 
Preparations of 4-Hydroxy-1, 2, 8, 10-tetramethyl-1, 2, 3,4-tetrahydro-
. phenanthrene (crude). 
Millimoles of Millimole s of 4-Hydrol<y-1, 2, 8, 10-
4-0xo-1, 2, 8, 10- Lithium tetramethyl-1; 2, .3, 4-
tetramethyl-1, 2, 3, 4~ .Aluminum te trail ydrop henanthrene 
tetrahydrophenanthrene Hydride (crude) 
Yield 
. 
0.3 1. 6 92% 
* 
2. 0 16 96'}'o 
* The procedure described was followed. 
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I 
0. 1, 7, 8, 9-Tetramethylphenanthrne (I). 
CH3 
CLXXXIV 
Pd on charcoal ) 
280 - 310° 
CH:?i 
I 
CH3 
CHz, 
The general procedure for aromatization of hydroaromatic compounds 
with palladi= on cha:rcoal described by Ruzicka and Waldmann (124) 
was followed and modified. 
1. Dehydration and Dehydrogenation of 4-Hydroxv-1, 2, 8, 10 -tetra-
methyl-1, 2, 3, 4-tetrahydrophenanthrene. 
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·A mi>cture .of c;rude 4-hydroxy-1, 2, 8, 10-tetramethyl-1, 2, 3, 4-
tetrahydrophenanthrene (480 mg.; 1:9 nilllimole) and 10"/o palladi= on 
charcoal (280 mg.! used as received f,.;om the American Platinum Works, 
Newark, N •. J.)' was. take.n in a pyrex test tube (20 rnl.) equipped with an 
air-cooled. condenser. The test tube was heated in a metal bath which 
was maintained at 280 ~290° for one hour, followed by hal£ an hour at 
The cold mixture was extracted with hot anhydrous ether ( 60 rnl. 
in three installments). After collecting .the insoluble residue by filtration 
(Hyflo), the ethereal solution was distilled from the stea:r.p. bath under 
vacuum produced by the water aspirator. .After drying the residue over-
night in a· vacu=. desiccator ovei- anhydrous calcium chloride, the deep-
'brown, partially crystalline residue weighed 420 mg. 
----~ 
A solution of the crude pr,oduct (42.0 mg.) in petroleum ether 
:{b. p. 30-600; Fisher Reagent grade; 40 rnl.) was placed on a column 
' 
'{13 em. x: 1 em,) of activated alumina (Fisher Adsorption Alumina; 80-
:zoo mesh; 9 g.). On evaporation of the solvent from the solution that 
was collected (40 m1.), pale yellow, wax:y needles (257 mg.) were 
obtained. 
The column was eluted with petroleum ether (100 ml.). On 
• evaporation of the solvent, 133 mg. of pale yellow, was obtained, 
Further elution of the column with petroleum ether and mix:tures of 
~05 
petroleum ether and benzene furnished non-crystalline· gummy fractions· 
{21 mg.), These non-crystalline gummy fractions were rejected, 
A solution of the combined wax:y crystalline product (390 mg.) in 
petroleum ether (25 rnl.) was rechromatographed on a column (1. em. x: 
6 em.) of activated alumina (4 g.), The column was eluted with petroleum 
ether (125 rnl. ). The solvent was evaporated on the steam bath under· 
nitrogen when 350 nig. of white wax:y' needles were obtained, Further 
elution of the column with petroleum ether furnished gummy matter which 
was rejected. 
A solution of this crude product (350 mg.) in hot methanol (40 rnl.; 
Baker Analyzed) was filtered from some insoluble gummy matter. The 
residue was washed with hot methanol, The combined methanolic solu-
tion was concentrated to 15 rnl. and it was set aside for crystallization at 
room temperature to furnish white needles, The crystals were collected 
by filtration under reduced pressure provided by· the water aspirator 
and the residue was w;:~shed with a few drops of cold methanol, After 
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l;>eing sucked dry, these cry11tals weighedZ32 mg. and melted at 105-
107.5° with previo~s softening at 104°. This product was recrystallized 
. -. . . 
once from methanol. The tiny white needles melted at 108_:110. 5° • 
. These. weighed 208 mg. The purified product of this experiment was 
obtained in 46"/o yield. The overall yield of 1, 7, 8, 9-tetramethylphenan-
threne on the basis of toluene is 1. 2"/o •. An analytical sample was prepar-
ed by recrystallization of this material (rri.. P.• 108-110. 5°) from methanol, 
After being dried in high vacuum at 100° for eighteen hours over 
phosphorus pentoxide, the analytical sample of\, 7, 8, 9-tetramethyl-
phenanthrene which was obtained a·s tiny white needles melted at 109.5-
Analysis 1 
Calcd, for c 18Hi 8 :· C, 92. 26; H, 7. 74. 
Found C, 92. 44; H, 7. 86. 
2. Characterization of 1, 7, 8, 9-Tetramethylphenanthrene. 
a. The 1, 3, 5-Trinitrobenzene Derivative of 1, 7, 8, 9-Tetramethyl-
phenanthrene. 
Following the procedure described by Vogel (125), a solution of 
1, 7, 8, 9-tetramethylphenanthrene (m.p. 108-110. 5°; 30 mg.; o. 13 milli-
mole) in commercial absolute ethanol (9 ml.) was treated with a solution 
of 1, 3, 5-trinitrobenzene ·(Eastman Kodak White Label material; used as 
received, m.p. 120-122°; 28 mg.; 6.13 millimole) in commercial 
absolute ethanol (1. 5 ml,) to furnish a bright yellow precipitate. The 
1 Schwarzkopf Microanalytical Laboratory, 
precipitate was 'collected by' filtration. 
After being recrystallized from hot absolute ethanol, the bright 
:yellow needles melted at 163. 5-l(>S0 ; weight 30 mg. 
Two recrystallizations o£ this product (m. p. 163 .• S-16S0 ) from 
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absolute ethanol-chloroform furnished an analytical sample which was 
:obtained as bright yellow needles. After being dried at room temperature 
. in high vaculun qver ph.osphorus pentoxide for thirty-six hours, the 
·bright yellow needles melted at 164-l6S0 • 
Analysis 1: 
Calcd. for Cz4H2106N3: C, 
Found C,· 
64. 42; H, 
64,54; H, 
4.73; N, 
4. 67; N, 
9. 39. 
9. 2S. 
b. The Picrate Derivative of 1, 7, 8, 9-Tetramethylphenanthrene, 
Following the general procedure described by Vogel (12S) a warm 
solution of 1, 7, 8, 9-tetramethylphenanthrene (m.p. 109. S-110. S0 ; 20 mg.; 
0. 11 millimole) in filtered commercial 95% ethanol (4 ml.) was treated 
with a nearly saturated solution of picric acid·(Baker purified powder, 
m. p. 122-124°; 2S mg.; 0.13 millimole) in filtered commercial 9S% 
ethanol (0. S ml. ), The warm solution which immediately turned orange-
red was allowed to stand at room temperature ~to furnish orange-red 
needles, These crystals were collected by filtration and the· residue was 
washed under suction with a few drops of cold filtered 9So/o ethanol. After 
being sucked dry, these crystals melted at 141. S-142, S0 with previous 
1 Schwarzkopf Microanalytical Laboratory. 
sintering at 140°. 
After being dried in high vacuum at room temperature for forty~ 
eight hours over phosphorus pentoxide, the orange-red needles melted 
:at 141.5-142.5°. This sample was submitted for analysis. 
Analysis 1 
. Found C, 62.48; H, 4. 70; N, 8, 91 • 
c.· The 2, 4, 7 -Trinitrofluorenone Derivative of 1, 7, 8, 9-Tetramethyl-
J1henanthrene. 
Following the procedure o£ Orchin and Woolfolk \131), a hot 
concentr.ated solution of 1, 7, 8, 9-tetramet\ly1phenanthrene (m, p. 108-. 
110. 5°; 24 mg .. ; o·. i niillimol~) in filtered absolute ethanol ( 4 ml.) 
was treated with a hot saturated solution of 2, 4, 7 -trinitrofluorenone 
(Matheson, Coleman and Bell; m.p, 174. 5-176°; used as received, 
32 mg. :·o. 1 millimole), The mixture turned deep orange-red and a 
deep orange-red precipitate started to separate. The mixture was 
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allowed to stand at room temperature for hal£ an hour. The precipitated 
deep orange~red solid was· collected by filtration under reduced pres.sure 
provided by .a water aspirator and the residue was washed under suction 
with a few drops of cold· absolute ethanol. After being sucked dry, the 
deep orange-red ·solid melted at 163-166°. It weighed 50 mg. 
Two recrystallizations of this product (m.p. 163 -166°) from a 
mixture of benzene (Eastman White Label, thiophene-free material dried 
1 Schwarzkopf Microanalytical Laboratory. 
over sodium wire) and absolute ethanol furnished deep orange -red 
dusters of needles. The crystals were collected by filtration. After 
'being sucked dry, the deep.orange-red1 clusters of needles melted at 
After drying for thirty-six hours at 56° in high vacuum over 
, phosphorus pent oxide, the analytical sample of the 2, 4, 7 -trinitro-
. fluorenone derivative of 1, 7, 8, 9 -tetramethylphenanthrene melted at 
Analysis 2 : 
Calcd. for c 3 iH23o7N 3 : C, 67. 75; H, 4. 22; N, 7. 65. 
Found : C, 67.89; H, 4.29; N, 7.74. 
d. The Infrared Spectrum of 1, 7, 8, 9 -Tetramethylphenanthrene. 
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The infrared spectrum (Figs. llA and llB) Df l, 7, 8, 9-tetramethyl-
phenanthrene shows absorption maxima which are characteristic of 
an aromatic hydrocarbon • 
. 
1 It was noticed that the crystals of the 2, 4, 7 -trinitrofluorenone 
complex of 1, 7, 8, 9 -tetramethylphenanthrene obtained from dilute solu-
tions of the hydrocarbon and trinitrofluorenone was orange (not deep 
orange-red). These orange crystals melted ;:~fter recrystallizat1on from 
the same solvent-mixture at 166-168° and showed no depression in melting 
point (166-167°) of the above deep orange-red crystals obtained from the 
concentrated solutions of the hydrocarbon and trinitrofluorenone. 
2 Schwarzkopf Microanalytical Laboratory. 
f 
e. The Ultraviolet Absorption Spectrum o£ 1, 7, 8, 9-Tetramethyl-
phenanthrene. 
The ultraviolet absorption spectrum '{Fig. 18B and table XIX) o£ 
.1, 7, 8, 9-tetramethylphenanthrene was obtained in 95% ethanol using a 
·Beckman DK-1 Automatic Spectrophotometer. The wavelength max:ima 
. and values o£ log e are given in table XIX. The light absorption data 
reported by Sherman (12) £or 1, 7, 8, 9 -tetramethylphenanthrene which 
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was derived £rom cassaic acid are included in the same table. Sherman 
reported that the values o£ log 8 £or the degradation product are 
approx:imate owing to inaccuracies in the values o£ the concentration 
o£ the solution used. 
Table XVIII summarizes all o£ the preparations o£ 1, 7, 8, 9-
tetramethylphenanthrene. 
I 
' I 
I 
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TABLE XVIll 
Preparation of 1, 7, 8, 9-Tetramethylphenanthrene, 
' 
' 1/l:illimole s of Weight of I 0 '/. 1, 7, 8, 9-Tetramethyl-
j,-Hydroxy-1, 2, 8, 10-tetra~ · Palladium on phenanthrene 
ethyl-1, 2, 3, 4-tetrahydro- Charcoal (mg.) 
:Rhenanthrene. Yield Melting Point 
o. 27 40 19"/o 106-108° 
i 
*1.9 280 46% 108, 5-110. 5° 
* The procedure described was followed, 
I 
__ j 
TABLE XIX 
Ultraviolet Data for 1, 7, 8, 9-Tetramethylphenanthrene. Solvent 95% 
Ethanol. 
1, 7, 8, 9-Tetramethylphenan- 1, 7, 8, 9-Tetramethylphenan-
threne. {Synthetic) thre~ derived from Cassaic 
Acid • 
<...one. wave '~og. e. . <...one, wave · 1og e. 
Moles/ Length Moles/ length 
liter Maxima liter ·Maxima 
(mjl) (mjl) 
1. OxlO -5 217.3 4. 61 1. 37x10 - 5 216 4.53 
II ' Z.28 {Sh) 4.33 II 230 {Sh) 4.26 
' II! 257. {Sh) 4. 74 II 258 (Sh) 4. 69 
II~ 264 4. 81 II 263.5 4.73 
' -5 2. Ox10 . 286 (Sh) 4. 16 3.42xl0-5 285 (sh) 4.04 
II 298 4.15 II 298 4.01 
" 311 4.18 II 310 4.01 
. -4 
7.8xl0 336 {Sh) . · . 2. 11 3.42x1o-4 335 {Sh) 2.56 
342 2.55 
.. 
II 342 2. 70 
351 1. 55 II 350.5 2.44 
358 2. 36 II 358 2, 59 
Sh = Shoulder• 
1 . . 
Reported by Sherman (1'2). 
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P. Comparison of the Synthetic 1, 7, 8, 9-Tetramethylphenanthrene 
with 1, 7, 8, 9-Tetramethylphenanthrene derived from Cassaine, 
The resu1ts of a direct comparison of this synthetic 1, 71 8 1 9-
tetramethy1phenanthrene with that derived from cassaic acid which is 
'derived from cassaine are shpwn in table XX. 
TABLE XX 
Comparison of Synthetic 1, 7, 8, 9-Tetramethy1phenanthrene with 
1, 7, 8, 9-Tetramethylphenanthrene from Cassaine. 
Compound perived from 
passaic Acid 1 
Mixed Synthetic Material 
Melti~g 
Concurrent Melting Point Point 
value 1 of Analytical 
sample 
1, 71 8, 9- 107-108° 107-109° 108-109. S0 109. S-llO. 5° 
Tetramethyl 
phenanthren 
Picrate 139. S-140. S0 139. S-140° 140-141° 141. s -142. so 
TNF 164-166° 164-166°. ·166-168° 166-167°' 
TNB 1S9-l60° 164-16S0 
1 Reported by Sherman (12). 
TNF = Trinitrofluorenone derivative. 
TNB = Trinitrobenmi:e derivative. 
213 
214 
~. Math~eson (13) of the School of Pharmacy, University of London, 
yery kindly carried out a direct comparison of the 1, 7, 8, 9-tetra-
rnethylphenanthrene synthesized in this laboratory with a sample of 
1, 7, 8, 9 -tetra~ethylphenanthrene derived from cassaic acid by a route 
different from that followed by Gensler and Sherman (12). ~ 
Mathieson writes'"· .• our dehydrogenation sample proved identical 
with your synthetic material. 1,7, 8, 9-Tetramethylphenanthrene 
(our sample) had melting point 107 -10 9° and no depression on admixture 
with your material. Our trinitrobenzene derivative had melting point 
158-160°. A sample prepared from your material had 161-1630. No 
depression was observed on admixture. Our hydrocarbon also gave 
the same peaks in the ultraviolet absorption spectrum as did your 
sample." 
I 
I 
I 
' I 
I 
I 
I 
I 
Zl5 
Q. Note on the Spectra. 
Infrared Spectra 
Figures l-8 were recorded on a Perkin Elmer ModellZC. 
Figures 9-11 were recorded on a Perkin Elmer Model Zl Spectre-
photometer. 
In figures 1-8, atmospheric absorption is present. In figures 
9 and llB(lower curves) only solVent absorption but not atmospheric 
absorption is present. The upper curves in figures 9 and llBare for 
pure solvent. In figures 1-8, the break in the curve around 8 micr.on is 
due to change in speed of scanning. In all curves, the dotted lines indicate 
atmospheric absorption and/or solvent absorption. 
Ultraviolet Spectra. 
In figures 15 and 16, parts of the curves between ZlO and 310 milli-
microns have been replotted from values of "/o transmission recorded on 
a Beckman DK-Z Spectrophotometer which was available for use through 
the courtesy of Dr. George Zimmerman of the Massachusetts Institute 
of Technology. 
All pertinent data for all the ultraviolet spectra are available in 
the appropriate section of the experimental part. 
Figure 1 
1; 7 -Dimethyl-3,.4-dihydronaphthalene 
A, Neat Liquid 
B. · Carbon tetrachloride solution (10. 4o/o). 
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Figure 2 
1, 7 -Dimethyl-1, 2, 3, 4-tetrahydronaphthalene 
.A, Neat Liquid 
B, . Carbon tetrachloride solution (11. 5%) 
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Figure 3 
2 -A cetyl- 3, 5 -dimethyl-5, 6, 7, 8 -tetrahydronaphthalene 
A. Neat liquid* ,_ 
B, Carbon tetrachloride solution (9. 8%1 
* The break in the curve around 9 micron is due to mechanical reasons, 
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Figure 4 
Figure 5 Meth 
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.Figure 7 
2-Methyl-3-{3 1 , 5 1 -dimethyl-5 1, 6•, 7 1, 8 1 -tetrab.ydro-
2• -napEltbyl) -butanmc A c1d 
(II. 6'7o Carbon tetrachloride solution) 
2-Methyl-3- (3', 5 1 -dimethyl-2'-naphthyl)-
butano1c A Cld 
(3. Oo/o Carbon tetrachloride solution) 
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Figure 8 
3-Methyl-4.-(3 1 , 5 1-dimethyl-21 -naphthyl)-pentanoic Acid 
(2. 3o/o Carbon tetrachloride solution) 
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Figure 10 
------.--. 
. 4-0xo-1, 2, 8,10-tetramethy1-1, 2, 3, 4-tetrahydrophenanthrene 
. (10, Oo/o Carbon j;etrachloride solution) - Lower Curve. 
Carbon tetrachloride - Upper Curve. · 
. '-'-~ ~--- ~-
4-Hyd:roxy-l, 2; 8, 10-tetra:n'l.ethyl-1, 2, 3, 4-tetrahydrophenanthrene 
(Film of unpurllied material) 
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Figure 11 
1, 7, 8, 9-Tetramethylphenanthrene 
A, Nujol - mull 
B, Carbon tetrachloride solution (12, Oo/o) -Lower Curve 
Carbon tetrachloride (Upper Curve), 
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F~gure 12 
2-.Acetyl-3, 5-dimethyl~S, 6, 7, 8-tetrahydronaphthalene 
Solvent 95% ethanol, 
Concentr·ation . 3, 5 x l0-5 mole.s /liter 
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Figure 13 
2-Methyl-3-{3 1 , 5 1 -dimethyl-5 1 , 6•, 7 1 , 8 1 -tetrahydro-
2• napfitfiyl)-buteno1c Ac1d, (lsomencMixture) 
Solvent 95% ethanol 
Concentration 3. 5 x 10-5 moles /liter 
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Metb.yl . 2-metb.yl-3-(3 1 , 5 1 -dimetb.yl-5 1 , 6 1 , 7', 8 1 -
tetrahydro-21 -naphthyl}-butenoate (lsomenc M1x:tu:r:e) 
Solvent 95"/o etb.anol 
Concentration -5 /1. 4, 7 x:· 10 moles 1ter 
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Figure 15 
Figure 16 
2-Methy1-3 -(3.11 5 1-dimethy1-21 -naphthyl) -butanoic Acid 
Solvent 95% ethcnol 
Concentration 6 x 10- moles/liter between 220-240 
millimicrons; 3 x lo-5 moles/liter between 240-310 
. millimicrons; 8 x 10-4 moles/liter between 310-360 
millimicrons, 
3-Methyl-4-(3 1 , 5 1 -dimethyl-2 1-naphthyl)-pentanoic Acid 
Solvent 95"/o ethangl . · 
Concentration 7,4 x 10- moles/liter between 220-240 
millimicrons; 9, 3 x 10-5 moles /liter between 240-310 
millimicrons; 9. 3 x l0-4 moles/liter between 310-360 
rillimicrons, · 
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Figure 17. 
4-0><o-1, 2, 8, 10-tetramethyl-1, 2, 3, 4-tetrahydrophenanthrene 
·:solvent 95o/o ethanol 
Concentration 1;. 6 x lO -5 moles /liter 
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Figure 18 
1, 7, 8, 9-Tetramethylphenanthren'e-
.A,. Derived from Cassaine 
B. 
Solvent 95o/o ethanol - ·· · · 
"Concentration 1. 37 x l0-5 .moles/liter between 210-280 
millimfcrons; 3.42.x 10-Stnoles/liter between 280-320 
. millimicrons; 3. 42 x l0-5 mole.s /liter between 320-360 
· millimicrons. ' 
Synthe.tic 
.. . . 
Solvent 95% ethanol . . . . . . 
Concentration 1, 0 x 10-S ·moles/liter between 210-280. 
millimicrons; 2. 0 x 10-s· moles/liter between 280-320 
millimi.::rons; 7, 8 x 10 ~4 moles /liter 
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.ABSTRACT 
The characteristic alkaloids of the Erythrophleum genus are of 
interest for their cardiac activity and local anesthetic action. Cassaine, 
the major alkaloid of Erythrophleum Guineense, G. Don was isolated 
by Dalma. Cassaine (I) is an alkamine ester of cas sal<: acid (II). From· 
a study of the degradation products, earlier investigators proposed 
structure (I) for ·cassaine and structure (II) for cassaic acid. In these 
suggested formulations for cassaine (I) and cassaic acid (II), the posi-
tiona of the hydroxyl and the ketonic carbonyl groups are speculative 
and provisional. No chemical evidence for the location of the carbonyl 
and hydroxyl functions was advanced by any of the earlier investigators. 
Consequently, the problem of assigriing exact positions to the hydroxyl 
and the ketone groups in the perhydrophenanthrene nucleus remained to 
I II 
be solved. 
Sherman degraded cassaic acid to an aromatic hydrocarbon 
according to the sequence of step~ mentioned below. Decarboxylation 
of cassaic acid (II) with quinoline followed hy acetylation of the decar-
boxylatedproduct furriished the compound (ill). The carbonyl group of 
this compound {III) reacted with methyllithium to furriish the dihydr'oxy 
r· 
CH C02.H 
IT 
IV 
. . , ;_; ~- - .. . .. :. ' 
0 
II H~C- e-O 
H 3C CH3 
m 
1 
CH;, 
v 
C H~ 
compound {IV) which was aromatized with selenium to an unknown 
f ,,,._ • 
aromatic hydrocarbon. If the ketonic £unction in cassaic acid were in 
position 9, as indicated in the formulation (IT), the aromatic hydrocarbon 
derived £rom cassaic acid (IT) by the above reactions should be 1, 7., 8, 9-
tetramethylphenanthrene {V). .As 1, 7, 8, 9-tetramethylphe:aanthrene (V) 
was unknown, this hydrocarbon had to be synthesized £or the purpose o£ 
direct comparison with the degradation product £rom cassaic acid. 
The present work concerns the synthesis o£ 1, 7, 8, 9-tetramethyl-
phenanthrene in a rational manner. The synthesis was successfully 
completed according to the sequence o£ steps summarized below. 
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XV 
Toluene (Vll) was condensed with succinic anhydride (VI) by the Friedel-
Crafts reaction to furnish the- known ketoacid (Vill) which was reduced 
by the Clemmensen method to the known acid (IX). This acid (IX) 
was cyclized with 85o/o sulfuric acid to the known tetralone (X). Treat-
ment of this tetralone (X) with methylmagnesium iodide followed by 
acidification furnished an unsaturated hydrocarbon which was reduced 
catalytically to the tetralin (Xl). Acetylation of this tetralin (XI) by 
the Friedel-Crafts reaction furnished the ketone (Xll). A Reformatsky 
reaction of this ketone (XII) with ethyl 2-bromopropanoate, followec;l by 
successive dehydration, reduction and saponification furnished the acid 
(Xill: R =H). The corresponding methyl ester (Xill; R = CH3) was 
aromatized with sulfur and the product was saponified to the acid (XIV). 
The acid (XV) was prepared from (XIV) by the Arndt-Eistert sequence. 
Cyclization of the acid (XV) with anhydrous hydrogen fluoride furnished 
the phenanthrene (XVI). Reduction of this phenanthrene (XVI) with 
lithium aluminum hydride followed by dehydration and aromatization of 
the resulting phenanthrol with palladized charcoal furnished 1, 7, 8, 9-
tetramethylphe:itanthrene (V). 
A direct comparison of the aromatic hydrocarbon derived from 
cassaic acid with this synthetic 1, 7, 8, 9-tetramethylphenanthrene showed 
that the two were identical. Since, 1, 7, 8-trimethylphenanthrene (XVIl) 
is obtained by dehydrogenation of cassaic acid compounds, the fourth 
methyl group of 1, 7, 8, 9-tetramethylphenanthrene (V) must have originated 
from the addition of methyllithium to the carbonyl group. Consequently, 
the present synthetic investigation taken together with the works of 
,. 
I 
I 
earlier and contemporary lnvesti~ators, has made possible a demonstra-
. ' 
tion that the carbonyl group of cassaic acid (II) as well as that of 
cassaine (I) is located in position 9. 
I 
El!l!ll Mathieson of the University of London had also succeeded 
independently in degrading cassaic acid to a tetramethylphenanthrene, 
A direct comparison of the 1, 7, 8, 9-tetramethylphenanthrene (V) 
synthesized in this laboratory with that obtained by 1llllllU Mathieson 
showed the two hydrocarbons to be identical, 
The assignment of position 9 to the carbonyl group of cassaic acid 
(II) based on this synthetic investigation has been corroborated by the 
independent investigations of Turner and his t:oworkers who synthesized 
the compound (XVID) derived from cassaic acid. 
xvm 
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